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INTRODUCTION 
The utilization of inbred lines in the production of hybrid alfalfa 
is an important consideration to alfalfa breeders. Methods of hybrid 
production through the use of vegetative propagation of non-inbred 
clones have met with little success. High cost of production and the 
lack of desirable hybrid combinations probably account for the lack of 
alfalfa hybrids produced by this method. 
For a number of years workers have attempted to inbreed alfalfa 
primarily through self-fertilization; however, to date, very little 
progress has been realized through such a breeding scheme. In general, 
the primary effects of self-fertilization are a drastic reduction in 
fertility and vigor. Because of these reductions, the number of genera­
tions of self-fertilization possible is rather limited. 
The genetic mechanisms involved in determining the fertility and 
vigor responses of alfalfa are not completely understood. Recent studies 
at Iowa State University have shown that some of the sterility problems 
encountered with straight self-fertilization may be overcome, or at least 
postponed, by milder forms of inbreeding such as sib-mating and/or 
backcrossing. The results from these studies also indicated that addi­
tional investigations were needed in order to understand more fully the 
effects of sib-mating. Therefore, the present study was undertaken with 
the following primary objectives; (1) to determine the effects of sib-
mating on fertility and certain agronomic characteristics of alfalfa, 
(2) to compare the effects of sib-mating with continued self-fertiliza­
tion, and (3) to determine the possibility of developing completely 
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inbred, or at least partially inbred, lines of alfalfa by sib-mating 
which are relatively fertile and vigorous. 
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REVIEW OF LITERATURE 
Alfalfa is a naturally cross-pollinated crop. This condition has 
been confirmed by several workers. Using Medicago falcata and M. sativa 
which produce yellow and purple flowers, respectively; Waldron (1919) in 
the United States found 85,4 per cent natural crossing. Tysdal et aj^. 
(1942) reported an average of 89.1 per cent cross-pollination using yellow 
and white flowers as testers. Similar results have been reported by 
Burkhart (1937) in Argentina, Knowles (1943) and Bolton (1948) in Canada, 
Johansen (1963) in Denmark, and Kehr and LaBerge (1966) in the United 
States. 
Recently Lesins (1961) has questioned the use of white-flowered 
plants in determining the amount of cross-pollination in a population of 
alfalfa. Firstly, because all testers used, except perhaps the yellow-
flowered plant, appear to have been inbreds; and if so, these inbred 
testers may show a different ratio of self to outcrosses from that of 
their parents or the non-inbred population. Secondly, Lesins suggests 
that some caution is appropriate in generalizing as to the amount of 
cross-fertilization because of the comparatively small number of test 
plants used. 
As an alternative approach, Lesins (1961) has suggested the use of 
male-sterile plants as testers instead of flower color. The procedure 
would involve the calculation of an index expressing the number of flowers 
cross-pollinated to the number available for pollination. The percentage 
of flowers bearing pods forms an estimate of the degree of cross-fertiliza­
tion. Using this approach, Lesins found that the proportion of pods 
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derived from cross-fertilization ranged from eight to 44 per cent. Some 
advantages of using male-steriles would be the saving of time, space and 
labor since fertilization data may be secured soon after harvest instead 
of growing seeds from recessive testers (Lesins, 1961). 
Even though the above studies indicate a preponderance of cross-
fertilization in alfalfa, there is also considerable opportunity for self-
fertilization to occur, particularly in non-inbred material. Bolton 
(1948) observed an average self- and cross-fertility of 1.58 and 5.54 
seeds per flower, respectively. Similarly Knowles (1943), working with 
random Grimm plants and self-fertile selections, found an average of 0.56 
and 1.65 seeds per flower selfed, respectively. However, when these 
two groups of plants were cross-pollinated, he obtained 3.70 and 4.60 
seeds per flower for the Grimm plants and self-fertile selections, 
respectively. Therefore, in general, a marked reduction in seed-setting 
is observed following self-pollination. 
Because of the outcrossing nature of alfalfa, a reasonable level of 
vigor and fertility is maintained. Once an inbreeding scheme is imposed 
upon a population, a rapid loss in vigor and fertility is observed. Kirk 
(1927, 1932) found, on the average, a pronounced and progressive reduction 
in vegetative vigor and seed yield for each generation of selfing. Even 
; 
though the average decreased with each generation of inbreeding, Kirk 
recovered a few lines in the S^ and S^ generations which compared favor­
ably with the original material. Similarly Williams (1931) found that 
the average seed yield from Sj^ plants was only 12.4 per cent of that of 
the parent plants from which they were derived. 
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Sandal (1946) reported that average forage yield of 13 progenies 
was 31.8 per cent less than the yield of the progenies derived from 
the same parental clones. Results obtained by Tysdal et £l. (1942) 
indicated that the forage yield of 54 lines was only 68 per cent of 
the three parental open-pollinated varieties. Inbreeding was continued 
for seven additional generations. In the Sg generation, the forage 
yield of the 4 remaining lines was only 28 per cent of the parental open-
pollinated varieties. Similar reductions in forage yield have been 
observed by Koffman (1959), McAllister (1950), and Wilsie (1958b). 
Tysdal et al^. (1942) also found that seed production followed a 
similar trend, but the effects of inbreeding were more drastic. The seed 
production of the and Sg generations was 62 and eight per cent, 
respectively of the parental open-pollinated varieties. Bolton (1948) 
observed that the seed yield of S^ to S^ lines was quite low; however, 
one Sg line yielded over 60 pounds per acre. 
A decrease of 84 per cent in self-fertility between the first and 
second selfed generation was reported by Skory (1947). Koffman (1959) 
observed a drop in self-fertility of 80 to 90 per cent in the S^ and S^ 
generations as compared to the parental clones. A similar drop in self-
fertility of 80 to 90 per cent has been observed in one generation of 
selfing by Wilsie (1958b). 
Other effects associated with inbreeding alfalfa have been reported 
by various workers. Kirk (1927) found a reduction in variability of some 
important morphologic and physiologic characters. Koffman and Wilsie 
(1961) observed various changes in certain agronomic traits with inbreed­
ing. The inbred progenies exhibited a more erect growth habit, higher 
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incidence of leaf diseases, and lighter foliage color than the parental 
clones. 
The drastic reductions observed upon self-fertilization can be 
partially overcome with a milder form of inbreeding. Tysdal and 
Kiesselbach (1944) reported the average number of seeds per 10 flowers 
was 3.2 and 8.0 for selfing and sib-mating, respectively. Bolton (1948) 
found that crosses between second generation selfed plants, originating 
from the same parents, were intermediate in seed and forage yield between 
comparable inbred lines and outcross progenies. More recently, Koffman 
(1959) and Lantican (1961) have shown a restoration in fertility with 
sib-mating over selfing. Lantican also found a consistent increase in 
seed-setting over that obtained from sib-mating when the progenies 
were backcrossed to their non-inbred parents. If inbreeding is continued 
with the backcross procedure, a relatively high level of fertility is 
maintained. Williams (1964) found that by backcrossing BC^ progeny to 
their immediate parents, a considerable restoration of fertility was 
obtained. 
The yield of selfed, sib-crossed, and backcrossed progenies have 
been investigated by Busbice and Wilsie (1966c). They observed that 
the average yield of the backcrossed progenies (S^ x Parent) was 73 per 
cent of the performance while the yield of the S^, and sib-crossed 
(S^ X S2^) progenies was 74, 46, and 62 per cent, respectively. Therefore, 
they postulated that a high frequency of loci in a natural population 
of alfalfa are tetragenic and trigenic, and that the rapid loss of vigor 
observed upon inbreeding is due to the rapid loss of these heterozygous 
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loci. The milder forms of inbreeding such as sib-mating and backcrossing 
tend to maintain the tetragenic and trigenic loci at a higher frequency 
than selfing; therefore, less loss of vigor is observed. 
In addition to the difference observed between cross- and self-
fertility, considerable variability is also present within each. Some 
variability in cross-fertility has been reported by Bolton (1948), 
Burkhart (1937), and Tysdal ^  al^. (1942); however, self-fertility has 
been observed to range more widely. From a self-fertility survey of 685 
open-pollinated plants. Dean (1942) found a frequency distribution with 
continuous variation and closely approached normality. Wilsie (1951) 
observed a range in self-fertility from 0.12 to 1.84 seeds per flower 
selfed. In an open-pollinated population Tysdal and Kiesselbach (1944) 
found 12.6 per cent of the plants to be between zero and 20 per cent 
self-fertile. Among the selfed plants, they noted that 60.2 per cent 
had less than 20 per cent self-fertility. Lantican (1961) found a 
remarkable range in self-fertility among plants. For those plants in 
the high and intermediate self-fertility groups, he observed ranges of 
0.066 to 1.594 and 0.017 to 1.029, respectively. A range of 0.000 to 
0.660 was noted for the low self-fertility groups. Similarly Sandal 
(1946) observed a range in self-fertility from 0.15 to 1.25 seeds per 
flower. Investigations by Williams (1931), Wilsie and Skory (1948), 
McAllister (1950), Koffman (1959), and Williams (1964) provide additional 
evidence of the variability in self-fertility in alfalfa. 
For certain agronomic traits, Stewart (1934) observed a significantly 
lower variability in S^ progenies as compared to the parental material. 
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From these results, he suggested that alfalfa is much less heterozygous 
than is commonly thought to be. 
The relationship of cross- and self-fertility appears to be quite 
variable in the literature. Wilsie (1951) reported a fairly high degree 
of association (r = 0.71) between cross- and self-fertility, while Bolton 
(1948) found a correlation coefficient of only 0.288. More recently 
Lantican (1961) obtained significant positive correlations between cross-
and self-fertility following sib-mating and backcrossing of progenies 
to their non-inbred parent. 
The number of seeds obtained from a particular cross may sometimes 
depend on which parental plant is used as the male and which is used as 
the female. Several investigations support this idea because of differ­
ences found in fertility of reciprocal crosses, Rotar and Kehr (1963) 
found in Ranger alfalfa that the cross R25 x R5 yielded 4.40 seeds per 
pod while the the reciprocal (R5 x R25) yielded only 0.41 seeds. Similar 
results have been reported by Dean (1942) and Whitehead and Davis (1954). 
The latter authors suggested that the variability in the number of 
highly functional ovules formed was probably a more plausible explana­
tion for reciprocal differences than the operation of cytoplasmic factors. 
Reciprocal differences have also been found for certain agronomic and 
seedling traits. Camahan (1963) reported differences in seed weight 
and seedling height. These reciprocal differences were largely attributed 
to the relation between seed size and photosynthetic area in the seed­
lings. Wilcox and Wilsie (1964) found reciprocal differences for fall 
growth habit and yield. Maternal effects were significant for fall growth 
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suggesting cytoplasmic effects expressed in degree of erectness; however, 
non-maternal reciprocal effects were found for yield only, and these 
differences were due possibly to cytoplasm x genotype interactions. 
From the foregoing discussion, it is quite evident that a tremendous 
amount of variability is present in alfalfa. This is particularly true 
for self- and cross-fertility since a range from zero to nearly complete 
fertility is often observed. This variability is partially due to the 
genetic diversity normally found in an alfalfa population; however, there 
is also superimposed upon this genetic diversity certain phenomena such 
as the tripping process and environmental factors affecting tripping 
and seed setting; pollen viability, abortion, and male-sterility; ovules 
per ovary; incompatibility; somatoplastic sterility; and self-sterility 
which have a tremendous bearing on the ability of certain alfalfa plants 
to produce seed. These phenomena will be discussed in some detail. 
In general, before self- or cross-pollination can take place in 
alfalfa flowers, tripping of the flowers must occur. Tripping is a term 
which applies to the process whereby the staminal column is released 
from the tissues attaching it to the keel and wing petals and strikes 
against the standard petal (Bolton, 1948 and White, 1949). 
The tripping process has been observed for many years; however, the 
fundamental nature of the process to seed setting has been a matter of 
controversy (White, 1949). Hay (1925), Carlson (1928), Kirk and White 
(1933), and Brink and Cooper (1936) maintained that a considerable propor­
tion of flowers set seed without tripping. However, Southworth (1928), 
Engelbert (1932), Knowles (1943), and Tysdal (1940, 1946) have concluded 
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that at most only a very small percentage of flowers set seed without 
first tripping, and that ordinarily there is not sufficient automatic 
tripping to produce satisfactory seed crops. Additional support for the 
idea that tripping is necessary for seed set has been reported by Armstrong 
and White (1935), They found that in the act of tripping, a stigmatic 
surface was ruptured, and that the release of a stigmatic material 
initiated pollen germination. Therefore, rupturing of the stigmatic 
surface was essential to penetration by the pollen tubes. Sayers and 
Murphy (1966) also feel that a stigmatic membrane is present which reduces 
the number of pollen tubes entering a stigma; however, some other factor 
or factors may also be acting to control the entrance of pollen tubes 
into stigmas. 
Recently Busbice and Wilsie (1966b) have reported a heritability 
value of 0.54 for ease of tripping. This relatively high value suggests 
the possibility of improving alfalfa in this characteristic which, in 
turn, may increase seed production. 
Under natural conditions, the tripping process and the placement of 
foreign pollen on the stigma of an alfalfa flower is accomplished by 
insects, chiefly bees. Bees which have been found to be important in 
the tripping and cross-pollination of alfalfa are bumble bees (Bombus 
sp.), honey bees (Apis sp.), alkali bees (Nomia sp.), leaf cutter bees 
(Megachile sp.). The importance and role of these insects have been 
discussed by many investigators; Clarkeand Fryer (1930), Hadfield and 
Calder (1936), Jones and Olson (1943), Vansell and Todd (1946), Hare 
and Vansell (1946), Pedersen and Todd (1949), Hobbs (1957, 1964), and 
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Stephen and Torchio (1961). 
Investigations concerning the affect of various environmental 
factors on seed production have been conducted by a number of workers. 
Piper e^ al. (1914) have reported a large seasonal variation in seed 
yields in Montana and Virginia. They contributed this variation to 
adverse climatic conditions rather than to the vigor of the plants. In 
Wales, Williams (1931) found that cold wet weather had a very detrimental 
effect on self-fertility. The most desirable climate for the production 
of alfalfa s.eed appears to be one which is warm, dry, and sunny with 
adequate soil moisture (Aicher, 1917; Blinn, 1920; Carlson, 1935). Of 
these factors listed, Knowles (1943) found temperature to be the most 
important. In Canada Engelbert (1932) concluded that the limiting 
climatical factor appeared to be the amount and distribution of summer 
rainfall. A limited rainfall during July provided the best conditions 
for seed production. Grandfield (1945) found that high root reserves 
increased seed production particularly when soil moisture was low. Also, 
he reported that moderate air temperature, low humidity, and soil 
moisture below optimum produced the type of vegetative growth in alfalfa 
plants that was conducive to the storage of high organic reserves, 
therefore, rendering a physiological condition favorable to seed setting. 
Certain cultural practices have been shown by Tysdal (1946) to 
affect seed setting. He found that the lowest seed production was obtained 
when the plants were thickly planted and irrigated frequently. 
The ability of an individual alfalfa plant to produce seed may also 
depend on the quantity of pollen as well as its ability to germinate 
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under a wide range of environmental conditions (Engelbert, 1932). Bolton 
and Fryer (1937) have reported similar results, and in addition, they 
feel that the amount and viability of pollen is an important factor in 
contributing to wide differences in seed-setting capacity of plants. In 
a test of pollen viability on an artificial medium, they found wide 
variations between different plants and considerably higher germination 
was secured from greenhouse plants than from the same plants grown in 
the field. ' The mean pollen viability ranged from 13.3 to 64.0 per cent 
for "sterile" plants, and from 50.5 to 87.9 per cent for "fertile" plants. 
Two classes of sterile pollen were noted by Bolton and Fryer (1937). One 
class consisted of clear, empty-appearing grains and the other contained 
normal appearing grains which did not germinate. Similar descriptions 
of sterile pollen grains have been reported by Clarke and Fryer (1930). 
Sexsmith and Fryer (1943) made pollen viability counts on five alfalfa 
plants at intervals throughout the flowering season and found no sig­
nificant difference in pollen viability throughout the season on any 
plant. Therefore, these workers concluded that seasonal variations in 
pod-setting could not be due to changes in pollen viability. 
Pollen abortion, which has been reported by Brink and Cooper (1936) 
and Rotar and Kehr (1963), may also be large enough in certain plants to 
limit seed formation but generally is not an important factor. In clones 
of Ranger alfalfa, Rotar and Kehr (1963) found that the percentage of 
pollen abortion varied from 7.0 to 92.0 per cent while the range in their 
polycross progenies ranged from 6.0 to 98.0 per cent. The nature of the 
inheritance of pollen abortion was also considered by these workers. 
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Crosses among clones high by high, low by high, and low by low for pollen 
abortion, produced progenies which were high, intermediate, and low, 
respectively. 
Male sterility is another factor which can limit the production of 
seed when self-fertilization occurs. An excellent review on this subject 
has been prepared by Jain (1959). Male sterility in alfalfa has been 
reported by Armstrong (1952), Armstrong and White (1935), and Childers 
(1952). According to Armstrong and White the male sterile condition 
arises due to the production of shrunken pollen grains. This condition 
appears to be associated with faulty dehiscence of the anthers. A case 
of complete and partial male sterility has been found by Childers (1952). 
Complete male sterility appears to be associated with the parallel 
presence of a swollen tapetum and a complete degeneration of the pollen 
mother cells during early prophase. The partial male sterile condition 
is also associated with atypical tapetal behavior, but occurs when the 
young microspores normally undergo rapid growth. More recently Childers 
and McLennan (1960) reported the inheritance of male sterility was 
attributed to three recessive genes ms3, ms4 and ms5, inherited in a -
disomic manner. 
The number of ovules per ovary also appears to be quite variable 
in alfalfa. Cooper (1935) examined 100 alfalfa ovaries and observed a 
range of eight to 14 ovules per ovary with the usual number between 
10 and 12. Martin (1914) observed a range of 12 to 18 ovules per ovary. 
Similar results have been reported by Cooper and Brink (1940) and Gartner 
and Davis (1966). In an inheritance study of ovule number in diploid 
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alfalfa, Barnes and Cleveland (1963a) found this trait to be controlled 
by four genes. Three of the genes (Ov^, Ov^, and Ov^) showed complete 
or nearly complete dominance while the fourth gene, Ov^, expressed a 
degree of incomplete dominance. Genetic effects of all four loci con­
trolling ovule number appeared to be additive. 
A partial self-incompatibility system has been reported in alfalfa 
by Brink and Cooper (1938) and Cooper and Brink (1940), Again this system 
reduces the number of seed obtained from self-pollination as compared to 
cross-pollination. From their studies, Cooper and Brink (1940) found that 
a much larger proportion of the ovules in an alfalfa flower became fertile 
after cross-pollination than after self-pollination. Pollen tubes 
originating from cross-pollination were also found to exhibit a faster 
rate of growth than when self-pollination had occurred (Brink and Cooper, 
1938). Few pollen tubes advanced beyond the mid-region of the ovary 
after selfing, whereas, following cross-pollination, the tubes usually 
reached the base of the ovarian cavity. In both the selfing and crossing 
series, these workers found the frequency of ovules becoming fertile 
declined from the apex to the base of the ovary, particularly beyond the 
fourth or fifth ovule. In numerous cases in the selfed series, the 
pollen tubes passed directly by the micropyle of an ovule containing an 
unfertilized egg. Similar results have been reported recently by Sayers 
and Murphy (1966). 
The genetics of this partial self-incompatibility system in alfalfa 
is not completely understood. However, there has been a considerable 
amount of work in the general area of incompatibility in higher plants. 
15 
particularly in some leguminous species, and a brief consideration of 
this work may give some insight as to the possible mechanism involved in 
the alfalfa system. 
In a review paper, Lewis (1954) classified the incompatibility 
systems in plants in various ways. One of his classifications, and 
probably most widely used, was based on flower morphology and will be 
described briefly. 
Heteromorphic systems are characterized by differences in flower 
morphology of different plants. The classic example for this system is 
found in many species of Primula. in which one type of plant, thrum, has 
a short style and high anthers, and the other, pin, has a long style and 
short anthers. Pollinations are compatible only between anthers and 
stigmas at the same height, that is, pin x thrum and the reciprocal. 
These systems are unimportant in crop plants (AHard, 1960). 
In homomorphic systems, differences in the morphology of the flowers 
do not accompany the incompatibility (Lewis, 1954). The incompatibility 
reaction of the pollen may be determined either by the genotype of the 
parent plant (sporophytic determination), or it may depend on the genetic 
constitution of the pollen itself (gametophytic determination). The 
sporophytic system was first described by Gerstel (1950), working with 
Parthenium argentaturn, and by Hughes and Babcock (1950), working on 
Crepis foetida. The sporophytic system appears to be of much less 
importance in crop plants as compared to the gametophytic system (Lewis, 
1954). 
According to Lewis (1954), two of the main features of the gameto-
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phytic system are: (1) the single controlling S locus has a very large 
multiple-allelic series, and (2) pollen tubes are unable to grow down a 
style in which both tube and style have the same S allele. This system, 
often referred to as the gametophytic oppositional system, was first 
described in Nicotiana sanderae by East and Mangelsdorf (1925). Later 
East and Yarnell (1929) reported that 15 alleles of the S factor for 
self-incompatibility had been isolated in Nicotiana. Similarly Emerson 
(1940) has reported 45 alleles of the S locus in Oenothera organensis, 
and Williams (1937, 1939) has found from 34 to 41 different alleles in 
three different series of red clover (Trifolium pratense L.) plants. 
In two natural populations of white clover (I. repens) Atwood (1944) 
found 36 and 39 different alleles, respectively. 
The distribution of self-incompatibility throughout the families of 
flowering plants has been estimated by East (1940) to be in more than 
3000 species distributed among 20 families, and Lewis (1954) feels that 
this is probably a small fraction of the actual number. Therefore this 
phenomenon is quite widespread. 
In addition to the series of incompatibility alleles, one allele 
(S^) has been reported by Atwood (1940) which renders a plant self-
compatible when present in its genotype. This allele also appears to 
be dominant over the second allele when carried with it in a heterozygous 
plant; that is, an plant would be self-incompatible but at plant 
would be self-compatible. Rinke and Johnson (1941) have also reported 
a highly self-compatible (S^) red clover line in Minnesota. Similar 
results as those found in T. repens have been reported by Brink (1934) 
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and Gettys and Johnson (1944) in Melilotus officinalis. 
A pollen tube carrying a given incompatibility allele is occasionally 
able to penetrate a style bearing the same allele at a rate fast enough 
to allow fertilization before the ovules disintegrate. This condition 
has been found in T. pratense by Williams and Silow (1933) and is 
referred to as pseudo-fertility. These investigators also reported a 
self-compatible allele (S^) in T. pratense. 
The foregoing discussion has been concerned with diploid forms and 
the results have been explained by the oppositional gametophytic system 
of incompatibility. However when self-incompatibility is observed in 
autotetraploids somewhat different results may be obtained. Atwood and 
Brewbaker (1953) and Brewbaker (1954) demonstrated in autotetraploid 
white clover, and Brewbaker (1953) in autotetraploid alsike clover, that 
the ability of some plants to produce seed on selfing conformed to the 
competition interaction hypothesis proposed by Lewis (1947). According 
to this hypothesis, the interaction of certain S alleles in diploid pollen 
grains of a tetraploid was such—that these heterogenic pollen grains could 
effect self-fertilization. 
Somatoplastic sterility, which is the collapse'of the ovules after 
fertilization, also may reduce seed set. This is particularly true after 
self-fertilization. This phenomenon has been described in alfalfa by 
Cooper et al. (1937) and Brink and Cooper (1939). These investigators 
contribute this type of sterility to a differential growth rate of the 
endosperm following self- and cross-fertilization. The rate of growth 
of the endosperm following self-fertilization is much slower than when 
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cross-fertilization occurs; therefore, following self-fertilization, the 
endosperm quite frequently collapses and terminates the development of 
the ovule. 
More recently Fyfe (1957) has proposed the term relational incompat­
ibility to describe the partial self-incompatibility and somatoplastic 
sterility which occurs in alfalfa. According to Fyfe relational 
incompatibility could result from interaction between gametophytes before 
fertilization or interaction within and between gametic complements after 
fertilization. 
Fryer (1930) and Bolton (1962) have reported the somatic chromosome 
numbers in Medicago to range from 14 to 32. Somatic chromosome numbers 
of 16 and 32 are remarkably constant, and leave no doubt that the basic 
number is eight (Bolton, 1962). Both diploid and tetraploid forms have 
been reported in M. sativa (Atwood and Grun, 1951 and Bolton and Green-
shield, 1950). 
There is some question about the type of inheritance that is charac­
teristic of cultivated M. sativa. Early workers assumed the species to 
be diploid or allotetraploid, and thought that disomic segregation was 
to be expected (Bolton, 1962). Ledingham (1940) and Julen (1944) 
questioned the earlier hypothesis and presented cytological evidence 
for autotetraploidy. Similarly Tysdal et ad. (1942) suggested tetrasomic 
ratios to explain certain genetic data. In 1951 Stanford (1951) reported 
conclusively a case of tetrasomic inheritance of a factor for purple 
flower color in alfalfa. Since this report additional studies have been 
conducted by Stanford and Cleveland (1954), Twamley (1955), Davis (1956), 
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Dudley and Wilsie (1957), Lesins (1957), Markus and Wilsie (1957), 
Stanford (1959), Busbice and Wilsie (1966a), and others which support 
the idea of tetrasomic inheritance as demonstrated by Stanford (1951). 
The possibility is not excluded, however, that structural and genie 
changes may have taken place to create a species similar to the segmental 
allopolyploids proposed by Stebbins (1947). However the increasing 
number of reports demonstrating tetrasomic inheritance strongly suggest 
that alfalfa is an autotetraploid having originated from the doubling of 
a 2n s= 16 parental species, or from the doubling of hybrids among the 
many interfertile diploid species (Bolton, 1962). 
Pairing relationships and other meiotic phenomena may also be used 
in determining the origin of alfalfa. A true allotetraploid should show 
only bivalent pairing or, possibly, the occasional multivalent formation 
caused by a reciprocal translocation, whereas in a true autotetraploid 
quadrivalents are characteristic. Reports by Reeves (1930) and Cooper 
(1935) indicated the most frequent type of pairing in tetraploid alfalfa 
is 16 bivalents. However Atwood and Grun (1951) found from a study of 
1,257 diakinesis cells an average of 0.62 quadrivalents per cell. The 
proportion of cells with different numbers of quadrivalents were as 
follows: 60 per cent had none, 26 per cent one, 10 per cent two, 3 per 
cent three, and 1 per cent four. As many as four quadrivalents per cell 
is suggestive of autoploidy. 
Cleveland and Stanford (1959) found that the average number of 
quadrivalents per cell in an induced tetraploid plant was 2.74 as compared 
with 1.74 in the natural tetraploids. This difference was possibly due 
20 
to natural selection which had occurred in the natural tetraploid causing 
a modification in the condition of the original chromosomes through 
structural and genie changes. Additional evidence for the autoploid 
nature of alfalfa has been given by Stanford and Clement (1958). 
On the other hand, Armstrong (1954) has advanced the theory that 
cultivated alfalfa originated as an allotetraploid from closely-related 
diploid parent species which were fairly similar cytologically but differ­
ing in well marked, morphological characters. Armstrong feels that this 
theory affords an explanation for the inheritance of some characters 
in a disomic and others in a tetrasomic manner. 
Since 1951 an increasing amount of both cytological and genetic data 
has strongly supported the autotetraploid origin of alfalfa. Bolton (1962) 
feels that tetrasomic inheritance in alfalfa is common, and the question 
is not of autotetraploidy versus allotetraploidy, but whether alfalfa is 
a true autotetraploid or a segmental allotetraploid. 
To date the majority of the alfalfa varieties in commercial use were 
synthesized from a few parental clones which exhibited superior combining 
ability. Even though synthetics are widely used, the idea of hybrid 
alfalfa has been under consideration for a number of years. Tysdal e^ al. 
(1942) and Tysdal and Kiesselbach (1944) found a marked increase in 
forage yield of the hybrids over the parental lines. Tysdal and 
Kiesselbach also reported that some double crosses produced by crossing 
two hybrids exhibited as much vigor as the single crosses from inbred 
lines. From two crosses involving erect and prostrate clones, Wilsie 
(1958a) found a striking degree of heterosis, with the F^ hybrids yielding 
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81 per cent and 43 per cent, respectively, above the higher yielding 
parent. 
In order to capitalize on hybrid vigor in the hybrid, Tysdal 
et al. (1942) outlined a procedure for the commercial production of 
hybrid alfalfa similar to that being used in corn. This procedure involves 
the production of four self-sterile clones which together would combine 
well to produce two self- and sib-sterile single crosses, which in turn 
would combine to produce an outstanding double cross. The four clones 
would be vegetatively propagated and isolated in two crossing blocks for 
the production of the two single crosses. Seed from the two single crosses 
would be mixed and planted in a manner for commercial seed production 
and from these fields would be obtained the double cross ;seed for commer­
cial plantings. Bolton (1948) proposed an alternative plan for the pro­
duction of commercial hybrids in alfalfa. This plan suggests the possible 
use of non self-tripping, self-fertile plants to avoid, largely, the 
necessity for vegetative propagation. 
Lesins (1961) proposed a method for the production of commercial 
varieties which involves inbreeding for at least three generations. This 
procedure involves the selection of several parental clones which are 
inbreeding tolerant. This parental stock may then be increased vegeta­
tively to quantities required for production of sufficient volumes of 
(Sj^ seed), or foundation seed. A composite of seed may be made by mixing 
equal proportions from each clone and maintained in this manner in 
consecutive releases of foundation seed. The next two generations, 
and would correspond to registered and certified seed lots, respective­
ly. Additional improvement might be achieved by conducting a recurrent 
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selection program with the parental stocks initially selected for toler­
ance to inbreeding. 
Lantican (1961) and more recently Williams (1964) have suggested 
the use of sib-mating and backcrossing as a means of obtaining inbred 
lines for the production of hybrids. From their investigations a much 
higher level of fertility was observed with sib-mating and backcrossing 
than with selfing. Both of these investigators stress the importance 
of using highly self-fertile clones as the initial breeding material. 
Dudley (1964) in a theoretical study of tetraploid genetics has 
shown that crosses between plants should be superior to crosses 
between random inbred lines from them, and that double-crosses between 
single-crosses made from heterozygous plants would seldom outperform 
the best single-cross; however, double-crosses between single-crosses 
made from highly inbred lines would often outperform the best single-
cross. 
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MATERIALS AND METHODS 
Source of Materials 
Source materials for this study were obtained from two random 
parental populations of Vernal alfalfa with approximately 800 plants each. 
One population was from a commercial seedlot of certified Vernal alfalfa 
(accession number 2896) and was designated the S^ population. The second 
population, designated S^, was from a composite of seeds collected 
from approximately 200 S^ clones. 
The SQ and S^ parental populations were planted in peat pots arranged 
in wooden flats in the greenhouse during early spring of 1963, On May 2 
and 3, 1963, approximately four weeks after seeding, each population was 
established as spaced plantings in the field in a randomized complete 
block design with 50-plant plots, two plots (S^ and S^) per replication, 
and 16 replications. 
Greenhouse Procedures 
For clarity in the discussion of the procedures used in this study, 
and the presentation of the results, certain terms should be defined. 
The term plant is used to describe that entity which is initially started 
from a seed. A clone is a plant which has been vegetatively propagated 
by stem cuttings. A propagule is one rooted cutting; therefore, several 
propagules from one plant compose a clone or clonal line. 
The inbreeding schemes utilized in this study involved different 
points of origin, that is, some selfed progenies were obtained without 
prior knowledge of hybridization, and others were obtained from clones 
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which were hybridized by hand pollinations. Therefore, the progenies 
obtained from selfing an (non-inbred) or (inbred one generation) 
clone or plant will be designated and progenies, respectively. 
Those selfed progenies from clones will be designated F^ progenies. 
Production of F^ progenies 
In September, 1963, 100 plants in each parental population were 
randomly selected for the first generation of crossing and selfing. Stem 
cuttings were taken from these 200 plants and propagated in vermiculite 
in the greenhouse. When the cuttings (propagules) had rooted, they were 
transplanted into 4-inch clay pots. Two propagules were established for 
each clone. The growing medium used was a sterilized mixture of two 
parts field soil, one peat, and one part sand. 
For each population, the 100 clones were paired at random and arranged 
on a single greenhouse bench in a completely random design. Nutrient 
solution was applied to the clones periodically during the winter months. 
In order to accelerate flowering, the photoperiod was extended to 18 hours 
each day using 200-watt incandescent lights. 
From the 50 pairs of clones within each population, 50 crosses plus 
reciprocals were made during the winter of 1963-64. Approximately 30 to 
40 flowers were crossed on each propagule. In making a cross the standard 
petal of each flower used as a female was removed at the base. The 
flowers were then tripped and the pollen collected in a small paper boat. 
Pollen remaining on the flowers after collection was removed by a vacuum 
pump. Pollen was applied to the stigmas of the female plants immediately 
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following emasculation. The number of flowers crossed per raceme and 
the date were recorded on small marking tags and placed on the appropriate 
raceme. 
Determination of self-fertility for each of the 100 clones within 
each population was made by artificially selfing approximately 100 
flowers per clone. Selfing of flowers was accomplished by applying 
pressure on the keel (which holds the staminal column of the flower) with 
the tip of a toothpick, and drawing the tip across the exposed stigma. 
The number of flowers selfed per raceme was recorded, using a procedure 
similar to that used for crossing. 
Approximately four to five weeks after selfing or crossing, fully 
mature pods were harvested and threshed. The total number of seeds set 
per propagule was determined by counting only those that were well-filled. 
The total number of flowers crossed and the total number of seed obtained 
were recorded for each propagule. A cross-fertility index was then 
determined by dividing the total number of seeds by the total number of 
flowers crossed. A similar procedure was followed for the determination 
of a self-fertility index for each propagule. 
In the spring of 1964, the crossed seeds from the paired clones 
were combined thus producing one progeny for each paired cross. For 
the SQ and populations, 48 and 38 F^ progenies were produced, respective­
ly. In addition to the F^ progenies, 94 progenies were produced by 
selfing the clones in the population, and 95 progenies were 
produced by selfing the clones in the population. 
From the F^ progenies produced in the greenhouse (1963-64), a spaced 
planted field nursery was established on May 6 and 7, 1964. Forty-eight 
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progenies (S^ x SQ) were planted from the SQ population, and 36 
progenies (Sj^ x S^) from the population. Because of insufficient 
seed from two crosses in the population, two F^ progenies were not 
planted. Each F^ progeny consisted of a 10-plant plot. Seeding of the 
progenies and transplanting to the field were similar to the procedure 
used in establishing the SQ and S^ parental populations in the spring of 
1963. 
First generation of sib-mating 
In September, 1964, two plants within each F^ progeny, in both the 
SQ and S^ populations, were randomly selected for the first generation 
of sib-mating (sib^-mating). Stem cuttings were made from these selected 
plants and established in the greenhouse as clones, with two propagules 
per clone. The procedure was similar to that outlined for the establish­
ment of the SQ and S^ parental clones. The clones of each population 
were then arranged on separate greenhouse benches in a completely random 
design with the restriction that the two F^ propagules from the same 
progeny were together for ease of crossing. Reciprocal crosses were made 
between each two F^ clones within a progeny. For each population sib^^-
and self-fertility were obtained for all clones. Fertility indices were 
calculated for each propagule. 
Upon completion of the sib^^-matings in the spring of 1965, the seed 
from the reciprocal crosses were combined for the two clones involving the 
sib^-mating. The selfed progeny of each F^ clone was maintained separate­
ly. The progenies produced by crossing F^ x F^ in both the SQ and S^ 
populations were full-sib progenies, and were designated FS^ (first full-
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sib generation). In the and populations, 43 and 32 FS^ progenies 
were obtained, respectively. The number of F^ progenies obtained by 
selfing the F^ clones were 88 and 68 for the and populations, 
respectively. 
On June 7, 1965, the 43 FS^ progenies from the population and 
the 32 FS^ progenies from the population were established in a spaced 
planted field nursery with a 10-plant plot representing each progeny. 
The procedure for seeding the progenies in the greenhouse and trans­
planting to the field was similar to that described in the previous 
sections, 
Second generation of sib-mating 
In September, 1965, two plants within each FS^ progeny from both the 
SQ and S^ populations, were randomly selected for the second generation 
of sib-mating (sibg-mating). The procedures for establishing these plants 
as clones in the greenhouse, bench arrangements, and crossing and selfing 
techniques were the same as outlined for the first generation of sib-
mating. Sibg- and self-fertility indices were obtained for each propagule. 
Inbreeding by self-fertilization 
Inbreeding by straight selfing also was practiced in conjunction 
with sib-mating for both populations. In the S^ population, an S^^ 
composite seedlot was produced in 1964 from the selfed seed of the SQ 
clones. Self-fertility data were obtained on 28 S^^ plants from this 
composite in the winter 1964-65. In 1965 aii S^ composite seedlot was 
produced from the 28 S^- plants and self-fertility data were obtained on 40 
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Sg plants. Also in 1965, self-fertility data were obtained on 54 plants 
from an composite seedlot which was produced from the selfed seed of 
the F^ clones. A self-fertility index was calculated for each plant 
within each generation of inbreeding. 
A similar selfing scheme was carried on in the population. Self-
fertility data were obtained on 27 , 28 and 53 F^ plants. 
Identification of plant material 
In order to identify individual clones, plus trace the pedigrees of 
the various crosses in the greenhouse, a modification of the identifica­
tion system proposed by Newell and Tysdal (1945) was used. At least 
four ideas were incorporated into the identification number. These were 
the population (S^ or S^) from which the plant originated, the year of 
selection, how the plant was derived, and the serial identification of 
the selection. For example, the number A30-100 for a particular plant 
would indicate it was in the S^ population (A), selected in 1963 (3), 
was a non inbred or from a commercial variety (0), and the plant number 
was 100. Other numbers used to describe the derivation of plants were 1 
for selfing, 4 for hybridization, and 2 for sib-mating. From the cross 
A30-100 X 102, the F^ progeny designation was A44-100. The two Fj^ 
plants selected from this progeny in 1964 were numbered A44-100-8 
and A44-100-9. Similarly the FS^ progeny produced by crossing the two 
F^'s was designated A52-100 and the two FS^ plants' selected in 1965 
plants were numbered A52-100-4 and A52-100-8. The S^ population was 
numbered in the same manner except B was used to designate the population 
and the plant numbers were in the 200 series. 
29. 
In the selfing series previously described, no pedigree was main­
tained since each group of plants was grown from a composite. Therefore, 
each year the plants were numbered consecutively (1, 2, 3, n) and 
the numbers describing the derivation were accumulated. For example an 
plant (SQ population) grown in 1965 would be given the number A511-1. 
The population was handled the same except for the population desig­
nation (B). 
Degree of inbreeding 
An inbreeding coefficient (F) was calculated for each generation 
using the procedure of Malecot as described by Kempthorne (1957) for 
autotetraploids. The formula used for determining F under self-fertiliza­
tion was 
F^ = I [1 + 2a + (5-2a)F^ J 
n D n-JL 
where F^ is the probability of two genes selected at random at a locus 
being identical by descent for a given generation, and a is the proba­
bility of double reduction. For full-sibbing, the F values were deter­
mined by the formula 
where r is the coefficient of parentage (relationship of the two 
xy 
parents producing the full-sib progeny), and F and a are the same as 
defined in the formula for self-fertilization. 
In all calculations of F in this study, three assumptions were made. 
They were: (1) a = 0, (2) the and parental clones which were 
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randomly selected in 1963 were unrelated (r^^ = 0), and (3) the 
parental clones were non-inbred (F =0). 
Ana lysis of fertility data 
The fertility data from the and populations were handled in a 
similar manner; therefore, only a general description of procedures will 
be given. 
All plants clonally propagated from the field were arranged on 
greenhouse benches so an analysis of variance appropriate to the 
completely random design could be conducted. Some propagules within 
each population failed to flower or survive during the crossing and self-
ing period; therefore, the procedure outlined by Steel and Torrie (1960) 
for unequal number of observations per treatment was followed. 
In the analysis of the cross- and sib-fertility data, the sums of 
squares for crosses were partitioned into families (F), reciprocals (R), 
and families x reciprocals (FxR). A family consisted of the 2 clones 
(4 propagules) which were crossed reciprocally, and the position of the 
2 clones within a family was randomly determined. 
The self-fertility data obtained on the same clones were analyzed 
similarly, with the sums of squares for clones being partitioned into 
among families (A), within families (B), and the interaction (A xB). 
In the winter of 1963-64, the sum of squares for clones in both popula­
tions was not partitioned because no family structure existed. 
Heritability estimates for cross-, sib- and self-fertility were 
determined by the standard units method as outlined by Frey and Horner 
(1957). 
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Field Procedures 
SQ and parental populations 
The various agronomic characteristics studied and the dates on 
which the data were collected for the and parental populations are 
presented in Table 1. Per cent winterkill and per cent winter injury 
were determined from the spring vigor scores. Those plants which were 
alive in the fall of 1964, but missing in the spring of 1965 were con­
sidered winterkilled. Winter injury was recorded as the per cent of 
plants on May 6, 1965 receiving a vigor score of nine. 
Fall growth habit was obtained by dividing the height of a plant by 
its width. Using this system, a plant with a rating near 0.90 would be 
considered erect and a plant with a rating near 0.10 would be considered 
prostrate. 
Data for all .characteristics were collected on individual plants, 
with the exception of per cent winterkill and winter injury, which were 
determined on a plot basis. All data collected were subjected to an 
analysis of variance appropriate to a randomized complete block design 
with sampling. 
Since the percentages of winterkill and winter injury tended to 
range between 20 and 30 per cent, and some values were below 10, a square 
root transformation was performed on each plot value after adding 0.5 to 
each percentage (Steel and Torrie, 1960). 
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Table 1. Agronomie characteristics studied in the and parental 
populations, and the dates on which each characteristic was 
measured or scored, 1964-65 
Unit of 
Character measure Date measured or scored 
Spring vigor 1-9® May 6, 1965 
Per cent winterkill Per cent May 6, 1965 
Per cent winter injury Per cent May 6, 1965 
Yield Pounds per plant June 8, 10, and 12, 1964 
June 14 and 15, 1965 
Natural plant height Centimeters June 30, 1964 
Natural plant width Centimeters June 30, 1964 
Length of longest stem Centimeters July 1, 1964 
Seed production l-9b August 28, 1964 
Fall plant height Centimeters September 28, 1964 
Fall plant width Centimeters September 29, 1964 
Fall growth habit Height/width September, 1964 
^1 = most vigorous, 9 = least vigorous. 
1 = good seed producer, 9 = poor seed producer. 
Experiments 1^ and 2^ 
Upon completion of the second winter of greenhouse work, the 
following levels of inbreeding were on hand: S^, S^, F^, and FS^ 
progenies from the SQ population, and S^, S^, F^, F^, and FS^ progenies 
from the population. 
In 1965 two experiments. Experiments 1 and 2 ,  were space planted in 
the field including a sample of progenies from each level of inbreeding. 
Experiment 1, which contained material from the population, was 
composed of 11 F^, 10 S^, 10 FS^, nine F^, and four (commercial Vernal) 
progenies for a total of 44 entries. Each plot contained five plants in 
a randomized complete block design with five replications. Experiment 2, 
which contained material from the population, was similar in design 
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but was limited to 28 entries and three replications. The 28 entries in 
Experiment 2 were composed of five F^, four S^, nine FS^, nine F^, and 
one progenies. 
The various agronomic characteristics studied and the dates on 
which the data were collected for Experiments 1 and 2 are presented in 
Table 2. The characteristic days to flower was determined by the number 
of days from harvest (June 7 and 8, 1966) until the first open flower 
appeared on each plant. An accumulative total of flowered plants was 
obtained and plotted on a graph to determine the date on which 50 per 
cent of the plants in each plot had flowered. All plants flowered 
between 23 and 50 days after harvest in both experiments. Summer and 
fall growth habit was again determined as a ratio of plant height to 
plant width. Plant density was a complex characteristic to score, and 
four major factors appeared to be involved in its determination. These 
factors were number of stems, intemode length, number of leaves, and 
crown width. 
All data were obtained on individual plants from which a plot mean 
was computed. For ease of constructing mean tables in the appendix 
(Tables 52 and 53) for Experiments 1 and 2, entry numbers were used. 
The pedigrees for each entry number are presented in Table 3 for Experi­
ments 1 and 2. 
The date on which 50 per cent of the plants flowered in each plot 
was used in the computation of the analysis of variance for days to 
flower. The analyses of the other agronomic characteristics were 
computed on plot means. The analysis of variance and expected mean 
squares for Experiments 1 and 2 are presented in Tables 4 and 5, respec­
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tively. The entries sum of squares for each analysis was partitioned 
into components appropriate for an estimation of the variation among 
each group of entries within each level of inbreeding. Four and three 
single degree of freedom comparisons in Experiments 1 and 2, respectively, 
also were made to test differences between specific levels of inbreeding. 
In addition, three non-orthogonal comparisons were computed in both 
experiments. These were vs. F^, F^ vs. FSj^ and vs. The first 
two comparisons are a test for inbreeding depression while the last one 
is a comparison of progenies of near equal degree of inbreeding but 
differing in derivation. 
Phenotypic and genotypic correlations for each group of progenies 
in all analyses of agronomic characteristics in Experiments 1 and 2 were 
determined on a mean progeny basis. Phenotypic correlations were deter­
mined by the formula 
r =-=5H= 
2 2 
where Sxy, Sx and 2y were the adjusted sum of cross products, sum of 
squares for X, and sum of squares for Y, respectively. 
The following relationship was used to obtain the genotypic variance 
components for each group of progenies: 
2 . 2 2 2. , 
Cg = ((Tg + rOg - ag)/r 
2 2 
where Og and are the genotypic and error variance components, respec­
tively. Estimates of variance and covariance components were obtained 
for each group of progenies by equating mean squares and cross products 
to their expectations, and solving for the required components. With the 
appropriate variance and covariance components, genotypic correlations 
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were computed by the following formula : 
r = Gov XV 
where Gov xy, ^(y) 
components of X and Y, respectively. 
Y ^g(x)°g(y) 
are the genotypic covariance and variance 
Table 2. Agronomic characteristics studied in Experiments 1 and 2, and 
the dates on,which each characteristic was measured or scored, 
1965-66 
Character 
Unit of 
measure Date measured or scored 
Spring vigor 
Yield 
Days to flower 
Seed production 
Natural plant height, summer 
fall 
Natural plant width, summer 
fall 
Growth habit, summer 
fall 
Plant density 
Leaf shape 
1-9 
Pounds per plant 
Days from harvest 
1.9b 
Centimeters 
Centimeters 
Centimeters 
Centimters 
Height/width 
Height/width 
May 9, 1966 
June 7 and 8, 1966 
July, 1966 
August 27, 1966 
July 1*^ and 5^, 1966 
October 1, 1965 
July 1^ and 5*^, 1966 
October 2, 1965 
July, 1966 
October, 1965 
September 23, 1965 
September 23, 1965 
^1 = most vigorous, 2 = least vigorous. 
^1 = good seed producer, 9 = poor seed producer. 
^Experiment 1. 
Experiment 2. 
®1 = most dense, 9 = least dense. 
1 = narrow and small, 2 = broad and large. 
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Table 3. Entry numbers and corresponding pedigrees for the various 
progenies in Experiments 1 and 2 
' Experiment 1 Experiment 2 
Entry no. Pedigree Entry no. Pedigree 
progenies 
^1 progenies 
101 A30-102 X 103 201 B31-226 X 227 
102 A30-106 X 107 202 B31-228 X 229 
103 A30-118 X 119 203 B31-264 X 265 
104 A30-130 X 131 204 B31-294 X 295 
105 A30-164 X 165 205 B31-296 X 297 
106 A30-172 X 173 
107 A30-178 X 179 
^2 progenies 
108 A30-182 X 183 
109 A30-184 X 185 206 B31-210 
110 A30-194 X 195 207 B31-257 
111 A30-198 X 199 208 B31-260 
209 B31-269 
Si progenies FS^ progenies 
112 A30-108 
113 A30-131 210 B44-224--6 X 224 -8 
114 A30-145 211 B44-226-•8 X 226 -7 
115 A30-152 212 B44-228--6 X 228 -8 
116 A30-173 213 B44-230-•2 X 230 -4 
117 A30-183 214 B44-242--9 X 242 -4 
118 A30-187 215 B44-248--2 X 248 -3 
119 A30-190 216 B44-258--5 X 258 -1 
120 A30-192 217 B44-280--5 X 280 -4 
121 A30-195 218 B44-290--7 X 290 -4 
FSl progenies 
^2 
progenies 
122 A44-104-5 X 104-10 219 B44—2 04-4 
123 A44-106-2 X 106-9 220 B44-210 -5 
125 A44-120-4 X 120-2 221 B44-218 -9 
125 A44-130-5 X 130-10 222 B44-240--6 
126 A44-132-7 X 132-9 223 B44-246 -2 
127 A44-174-2 X 174-5 224 B44-248' -2 
128 A44-176-6 X 176-3 225 B44-260 -9 
129 A44-190-10 X 190-1 226 B44-264 -9 
130 A44-192-7 X 192-5 227 B44-286 -1 
131 A44-196-8 X 196-2 
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Table 3. (Continued) 
Experiment 2 
Entry no. Pedigree 
progeny 
228 B31-1 
Experiment 1 
Entry no. Pedigree 
Fg progenies 
132 A44-104-5 
133 A44-106-9 
134 A44-116-4 
135 A44-130-10 
136 A44-134-1 
137 A44-140-7 
138 A44-166-1 
139 A44-172-6 
140 A44-194-1 
SQ progenies 
141 A30-1 
142 A30-2 
143 A30-3 
144 A30-4 
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Table 4. Analysis of variance and expected mean squares for Experiment 1 
Source of variation D.F. Expected mean squares 
Replications 4 
2 
^E 
+ 
^4 
Entries 43 2 + 2 
^0*1 
progenies 10 2 
^E 
+ 
2 
progenies 9 
2 
+ 
2 
"S, 
FS^ progenies 9 
2 
'^E 
+ 
2 
Fg progenies 8 
2 
"^E 
+ 
"I 
SQ progenies 3 2 
^E 
+ 
[Sjj.Fj] vs. [FS^.S^.FJL 1 2 
^E 
• + 
2 
^^A 
SQ VS. FJ 1 
2 
"^E 
+ 
2 
vs. [FS^.FG] 1 2 
'^E 
+ 
2 
2 
FSI ^2 1 
2 
^E 
+ 
Error 172 
2 
®E 
Total 219 
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Table 5. Analysis of variance and expected mean squares for Experiment 2 
Source of variation D.F. Expected mean squares 
Replications 2 2 
^E 
+ 
'4 
Entries 27 2 + 2 rcr^ 
progenies 4 2 
"^ E + 
2 
Sg progenies 3 2 
'^ E + 
2 
"s, 
FS^ progenies 8 2 
°E + 
2 
°^FS 
Fg progenies 8 2 
^E + 
"I 
[S^,F^] vs. [FS^^S^iF^] 1 2 
^E 
+ 
2 
°^A 
Si vs. F^ 1 
2 
^E + 
2 
roB 
S^ vs. [FS^iF^] 1 2 
'^ E 
+ 
2 
rcc 
FS^ vs. Fg 1 
2 
'^ E 
+ 
2 
Error 54 
2 
^E 
Total 83 
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RESULTS 
Greenhouse Studies 
SQ population 
Cross- and sib-fertility The data on cross-, sib^- and sibg-
fertility are presented in Tables 32, 33 and 34, respectively, in the 
Appendix. The means for each generation are shown in Table 6. The 
average cross-fertility of the SQ clones and the sib-fertility of the 
clones was very similar, 2.591 and 2.834, respectively. This could 
be expected however, since both the S^ and clones were non-inbred 
(F =0). The second generation of sib-mating (FS^) produced only 0.877 
seeds per flower which was a 69.0 per cent decrease in fertility from the 
sib^-matings. However the degree of inbreeding from the sib^^-matings to 
the sib2-matings increased from an F = 0 to an F = 0.083. Evidently, 
genetic factors are involved which are determining the compatibility 
relationships of the sib-crosses, and the accumulation of these factors 
with one generation of sib-mating appears to be quite large. 
The analyses of variance mean squares for cross-, sib^- and sib^-
fertility are shown in Table 7. Highly significant differences in 
fertility were obtained among the crosses and the two generations of 
sib-mating. Differences among families (a family including the des­
cendants of two clones crossed reciprocally) also were highly significant 
in all three analyses (Table 7). The two clones which composed certain 
families were more compatible than those in other families. The two 
clones within each family did not perform consistently in reciprocal 
crosses as indicated by the significant F x R interaction in all three 
41 
Table 6. Mean fertility indices and inbreeding coefficients (F) of the 
SQ, F^ and FS^ clones (S^ population) 
Generation Cross-fertility Sib-fertility F 
S 2.591 -- 0.000 
F^ — 2.834 0.000 
FS^ -- 0.877 0.083 
analyses. The reciprocal crosses within the families differed in magni­
tude and direction (Tables 32, 33 and 34). The L.S.D. values presented 
in the Appendix tables are based on two propagules per clone; therefore, 
any comparisons involving indices based on only one propagule would 
require a slightly larger L.S.D. value to test significance at the 5 and 
1 per cent level of probability. The appropriate L.S.D. values for such 
comparisons may be computed by the procedure outlined by Steel and Torrie 
.(I960). 
For the SQ crosses and the sibg-crosses, reciprocal differences 
were not significant on the average; however, in the sib^-crosses the 
average reciprocal difference was significant at the 5 per cent level. 
The averages of the reciprocal crosses were 3.028 and 2.640, which is a 
difference of only 0.388 seeds per flower. This difference may or may 
not have any biological significance and could be due to a position 
effect since the determination of each pair of crosses, A x B and B x A, 
was assigned at random. 
Even though, in general, average reciprocal differences were not 
significant, specific cases in all three generations indicated differences. 
Table 7. Analysis of variance mean squares (M.S.) for 
I 
cross - and sib-fertility (So population) 
Cross-fertility Sib ^-fertility Sib_-fertility 
(1963-64) (1964-65) (1965-66) 
Source of variation D.F. M.S. D.Î M.S. D.F M.S. 
Crosses 95 4.1226** 85 3.4746** 81 0.8364** 
Families(F) 47 5.0161** 42 5.2909** 40 1.3599** 
Reciprocals(R) 1 0.0001 1 6.2448* 1 0.1300 
F X R 47 3.3169** 42 1.5923* 40 0.3305* 
Error 94 1.3227 80 1.0417 74 0.1797 
Coefficient of variation (%) 44.4 36.0 48.3 
*, **In this table and all tables hereafter one and two asterisks will refer to significant 
differences at the 5 and 1 per cent level of probability, respectively. 
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In the cross-fertility of the clones, reciprocal differences were 
significant at the 5 per cent level in three families, and seven families 
had reciprocal differences significant at the 1 per cent level. In the 
sib^-crosses, four families had reciprocal differences significant at 
the 5 per cent level and two families significant at the 1 per cent level. 
In the sibg-crosses only three families had reciprocal differences sig­
nificant at the 1 per cent level. 
Certain crosses of and FS^ clones produced fertility indices of 
zero while all the clones expressed some degree of fertility. One per 
cent of the SQ crosses and 3.6 per cent of the sibg-crosses failed to 
set any seed (Tables 32 and 33). Closer scrutiny of the cross- and self-
fertility data of the clones A30-186 and A30-187 (Tables 32 and 35) 
suggested that clone A30-186 was female sterile. The sibg- and self-
fertility data of clones A52-100-8, 100-4, 114-10, 114-7, 126-9 and 126-9 
(Tables 34 and 37) suggested that clone A52-100-8 was partially cross-
and completely self-incompatible while the other clones appeared to be 
only partially cross-incompatible. However, two other factors could have 
played an important role in determining the fertility of these clones 
and should be taken into account when interpreting the data. These 
factors are: (1) the number of flowers crossed may have been insufficient 
to obtain an adequate sample of the total gametic array, and (2) the 
environmental conditions in the greenhouse at the time of crossing may 
have been detrimental to the pollen. 
The range in fertility for the and clones was quite large, 
approximately six seeds per flower; however with an additional generation 
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of sib-mating (FS^ clones), the range decreased to approximately three 
seeds per flower. The frequency distributions of the fertility indices 
for the three generations of crossing are presented in Figure 1. The 
distributions of the and sib^-crosses are similar, but the second 
generation of sib-mating (FS^ clones) showed a tremendous shift toward 
the lower end of the fertility index scale. 
The mean fertility of the S^, F^ and FSj^ clones for each family is 
presented in Tables 32, 33 and 34, respectively. The original 100 
clones used to initiate this study were quite variable in cross-compat­
ibility. Also, this variability observed in the clones was transmitted 
to a certain degree to the F^ and FS^ clones. The response observed 
within each family was also quite variable, A heterotic response was 
found for certain F^^ clones, however, a depression in fertility occurred 
in all families from the FSj^ clones. In certain sibg-crosses (FS^ x FS^) 
the inbreeding depression was small (Families 102 and 122) while in 
others the decrease was very pronounced. The rapid decrease in fertility 
from the F^ to the FS^ clones was a common occurrence. 
Self-fertility The data on self-fertility for the SQ, F^, FS^, 
S^, Sg and F^ generations are presented in the Appendix in Tables 35, 
36, 37, 38, 39 and 40, respectively. The generation means are presented 
in Table 8. The self-fertility of the F^ clones was 34.9 per cent greater 
than the self-fertility of the clones. Since, theoretically, both 
the SQ and F^ clones had an inbreeding coefficient (F) of zero, there is 
no apparent difference in coefficients to use as an explanation. However, 
viien the origin of the material is considered, a partial explanation may 
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Figure 1. Frequency distributions of the cross-fertility of the S 
clones and the sib-fertility of the F and FS^ clones 
(SQ population) 
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be found. The clones were obtained as seedlings from a commercial 
seedlot of Vernal alfalfa and the clones were produced by hand pollina­
tions with emasculation. The data available to date suggests that 
approximately 90 per cent cross-pollination occurs under field conditions. 
If this is true, then approximately 10 per cent of the plants from a 
random sample of a commercial variety would have some degree of inbreed­
ing. Therefore the 100 SQ clones selected may have contained a few 
plants with an F value greater than zero. On the other hand, the F^ 
clones would have a greater probability of being non-inbred since they 
were produced by hand pollination. Therefore the assumption that the 
clones were non-inbred (F = 0) may not be completely valid, but in order 
to make some estimate of the degree of inbreeding for the various genera­
tions, a starting point of z~ro appeared most logical. Environmental 
differences also may be a factor since the self-fertility data for each 
group of clones were obtained in different winters. 
A decrease in fertility was observed as inbreeding was continued 
(Table 8). The decrease in fertility from the F^^ to the FS^ generation 
was 54.2 per cent while the decrease from F^ to F^ was 71.6 per cent. 
Similarly the decrease in fertility from to and from to Sg 
were 64.6 and 79.1 per cent, respectively. The per cent decrease of F^^ 
to FS^ was less than the decrease from F^ to F^. Inbreeding by sib-mating 
appeared to be less detrimental to self-fertility than was selfing. The 
and Fg generations were similar in self-fertility, which is in agree­
ment with the degree of inbreeding. The difference observed between the 
SQ and F^ generation apparently did not carry over to the and F^. 
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Table 8. Mean self-fertility indices and inbreeding coefficients (F) 
for the various levels of inbreeding (S^ population) 
Generation Self-fertility F 
^0 0.782 
0.000 
"l 
1.055 0.000 
FS^ 0.483 0.083 
"l 
0.277 0.167 
^2 
0.058 0.306 
^2 
0.299 0.167 
A reason for this type of response is unknown. 
The analyses of variance mean squares for self-fertility of the SQ, 
Fj^ and FS^ clones are shown in Table 9. Highly significant differences 
were observed among the clones in all three generations. It appears 
that the individual clones in each generation differed in their genetic 
make-up for factors determining self-fertility. Significant variation 
was observed also among the F^ and FS^ families. For the FSj^ clones, 
significant differences were found on the average between the two clones 
within each family. It is apparent therefore, that segregation of 
factors determining self-fertility occurred with inbreeding. The two 
clones within each family did not perform consistently among families 
as indicated by the A x B interaction in the F^ and FS^ analyses. The 
two clones within each family differed in magnitude and direction 
(Tables 36 and 37). 
For the two F^ clones within each family, significant differences at 
Table 9. Analysis of variance mean squares (M.S.) for self-fertility (S^ population) 
Source of variation 
SQ clones Fl clones FSi clones 
(1963-64) (1964-65) (1965-66) 
D.F M.S. D.F. M.S. D.F. M.S. 
Clones 93 0.6371** 85 0.8994** 83 0.4114** 
Among families (A) 42 1.0341** 41 0.5606** 
Within families(B) 1 0.1033 1 0.2946** 
A X B 42 0.7836** 41 0.2651** 
Error 90 0.1154 82 0.0870 78 0.0392 
Coefficient of variation (%) 43.4 28.0 41.0 
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the 5 per cent level were found for three families and at the 1 per cent 
level, 14 families were different. For the FS^ clones within each family, 
four and 10 families were significantly different at the 5 and 1 per cent 
levels, respectively. 
As inbreeding increased so did the per cent of clones and plants 
which failed to produce any seed upon self-fertilization as shown in 
Table 10. All Fj^ clones had some degree of self-fertility. However, as 
inbreeding increased, it appears that there was an accumulation of 
incompatibility factors causing more and more plants to be incapable of 
seed production. 
Table 10. Per cent of clones and plants in the S^, F^, FS^, S^, 
and Fg generations which had a self-fertility index of zero 
(SQ population) 
Generation Per cent 
'o 
1.1 
0.0 
FSi 4.7 
^1 3.6 
^2 27.5 
^2 11.1 
The range in self-fertility of the F^ clones was slightly larger 
than that of the SQ clones as shown in Figure 2. Also, the distribution 
of the F^ clones tended to shift slightly towards the higher end of the 
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fertility index scale than the clones. However, the FS^ clones had a 
much smaller range in self-fertility and there was an accumulation of 
clones near the lower end of the fertility index scale. The frequency 
distributions of the S^, and plants along with the original 
clones are presented in Figure 3. With one generation of selfing, the 
range in self-fertility was reduced by nearly a half. The and Fg 
plants had distributions which were similar and would be expected since 
each generation had an F value of 0.167. With an additional generation 
of selfing (S^ plants), the reduction in fertility was still quite drastic 
with a range of only 0.251 seeds per flower. 
The mean self-fertility of the SQ, F^ and FS^ clones for each family 
is presented in Tables 35, 36 and 37, respectively. Again, the variation 
for each generation may be observed. A few families were rather tolerant 
to inbreeding while others were much less tolerant. A heterotic response 
was also observed for the F^ clones in certain families; however, 
inbreeding depression of various magnitudes were observed for the FS^^ 
clones. Family 154 failed to show any depression in fertility of the FS^^ 
clones. Therefore, it appears that the SQ clones varied in their genetic 
make-up of fertility and incompatibility factors, and in the production 
of F^ clones a shift towards higher fertility resulted in certain cases. 
However, in all families except family 154, it appears that one generation 
of sib-mating tended to accumulate those factors which were responsible 
for lower self-fertility in the FS^ clones. 
The relationship of cross- and sib-fertility with self-fertility is 
shown by the phenotypic correlations in Table 11. The significant 
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Figure 2. Frequency distributions of the self-fertility of the S^, F 
and FS^ clones (SQ population) 
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correlations suggest a positive association between cross- and self-
fertility. 
Broad sense heritability estimates were determined by correlating 
mid-parent values and mean progeny performance. Heritability estimates 
for cross-, sib-, and self-fertility are shown in Table 12 and in general 
indicate a relatively high heritability. These data suggest that 
fertility may be improved with selection; however, what affect selection 
for fertility would have on incompatibility is not known. 
Table 11. Phenotypic correlations of cross- and sib-fertility with 
self-fertility (S^ population) 
Cross-
fertility 
Sib^-
fertility 
Sib2-
fertilitv 
Self-fertility 0.250* 0.404** 0.305** 
Table 12. Heritability estimates of cross 
population) 
-, sib- and self-fertility (S^ 
Generations Cross-fertility Sib-fertility Self-fertility 
SQ and Fj 0.685 0.441 
and FS^ 0.601 0.682 
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population 
Cross- and sib-fertility The data on cross-, sib^- and sibg-
fertility are presented in Tables 41, 42 and 43, respectively, in the 
Appendix. The means for each generation are shown in Table 13. The 
mean cross-fertility of the clones was 1.836 and the sib-fertility of 
the F2 clones was 2.159, with a difference of 0.323. This difference 
represents a 17.6 per cent increase in fertility. Even though a statistical 
test of this difference is not possible, it would appear to have some 
biological significance. The decrease in the degree of inbreeding could 
partially account for this observed increase. Also these data were 
collected in two winters and environmental differences could have also 
influenced the results. The second generation of sib-mating (FS^ clones) 
resulted in a 70.2 per cent decrease in fertility when compared with the 
sib-fertility of the F^ clones. Apparently the accumulation of genetic 
factors determining compatibility relationships was quite large even with 
only two generations of sib-mating. 
The analyses of variance mean squares for cross-, sib^- and sibg-
fertility are presented in Table 14. The variation among the and 
sib^-crosses was significant at the 1 per cent level; however, no 
differences were found for the sibg-crosses. Significant differences 
were observed also among the and sib^ families at the 1 per cent 
level, and at the 5 per cent level for the sib^ families. No reciprocal 
differences were observed for the three generations of crossing, but the 
significant F x R interaction for the and sib^^-crosses indicated that 
reciprocal crosses did not respond the same in all families. Therefore, 
the order of pairing would be important in these crosses for the maximum 
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Table 13. Mean fertility indices and inbreeding coefficients (F) of the 
S^, F^ and FS^ clones (S^ population) 
Generation Cross-fertility Sib-fertility F 
1.836 — 0.167 
F^ — 2.159 0.056 
FS^ — 0.643 0.144 
production of seed. In the crosses, one reciprocal cross was sig­
nificant at the 5 per cent level and two at the 1 per cent level. Similar­
ly in the sibj^-crosses one reciprocal cross was significant at the 5 
per cent level and four at the 1 per cent level. Reciprocals and the F 
X R interaction sources of variation were non-significant for the sib^-
crosses. Reason for such a response is indicated in the frequency dis­
tributions for the three generations (Figure 4). A considerable range in 
fertility was found for the S^ and F^ clones; however, the range in 
fertility for the FS^ clones was greatly reduced with a tremendous 
accumulation of clones near the lower end of the fertility index scale. 
Also, 3.2 per cent of the FS^ clones had a fertility index of zero while 
all S^ and Fj^ clones had some degree of fertility. Closer scrutiny of 
the sib- and self-fertility data of FS^ clones B52-218-1, 218-6, 242-
10 and 242-6 (Tables 43 and 46) suggests that these clones are partially 
cros s-incompa tible. 
The mean fertility of the S^, F^ and FS^ clones for each family is 
presented in Tables 41, 42 and 43, respectively. It is evident that 
Table 14. Analysis of variance mean squares (M.S.) for cross- and sib-fertility (S^ population) 
Cross-fertility Sib^-fertility Sibg-fertility 
(1963-64) (1964-65) (1965-66) 
Source of variation D.F. M.S. D.F. M.S. D.F. M.S. 
Crosses 71 1.8803** 63 3.0878** 61 0.3214 
Families(F) 35 2.1026** 31 4.9682** 30 0.4635* 
Reciprocals(R) 1 3.2464 1 1.6252 1 0.3585 
F X R 35 1.6190* 31 1.2545** 30 0.1781 
Error 56 0.9174 58 0.5212 58 0.2885 
Coefficient of variation (%) 52.2 33.4 83.5 
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Figure 4. Frequency distributions of the cross-fertility of the 
clones and the sib-fertility of the F^ and FS^ clones 
(S^ population) 
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certain and clones were quite cross-compatible; however, the 
compatibility was somewhat reduced in the FS^ clones. In certain families, 
the Fj^ clones were more compatible than their parental clones. Because 
of this increased compatibility among the F^ clones, a heterotic response 
was observed in several families, which is in agreement with the higher 
mean fertility of the F^ clones as compared to the fertility of the 
clones (Table 13). However, a considerable depression in fertility was 
noted with inbreeding in the second sib-mating generation. Some depres­
sion was observed in all families except one (Family 270). Therefore, 
it appears that the clones were quite variable in genetic factors 
controlling cross-compatibility, and with the production of the F^^ 
clones, the effect of these factors were reduced in certain families 
and increased in others. However, in the second generation of sib-mating 
(FSj^ clones), the accumulation of these factors appeared to be quite 
large as evidenced by the drastic drop in mean fertility (Table 13). 
Self-fertility The data on self-fertility of the S^, F^, FS^, 
Sg, S^, and F^ generations are presented in the Appendix in Tables 44, 
45, 46, 47, 48, and 49, respectively. The generation means are presented 
in Table 15. The self-fertility of the Fj^ clones was 298.9 per cent 
greater than the self-fertility of the S^ clones. The self-fertility 
of the FS^ clones was between that of the S^ and Fj^ clones, but was 
approaching the S^'s. These results follow a logical trend with a 
decrease in self-fertility as the degree of inbreeding increased. The 
decrease in self-fertility with each generation of selfing was always 
greater than 55.0 per cent. Moreover, the per cent decrease of F^ to 
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FS^ was less (56.3 per cent) than the decrease from to F^ (81.9 per 
cent). The effects of sib-mating, as compared to selfing, appeared to 
be less detrimental upon self-fertility. 
The analyses of variance mean squares for self-fertility of the SQ, 
Fj^ and FS^ clones are shown in Table 16. The observed variation among 
clones and among families was significant at the 1 per cent level in all 
cases. Variation between the two F^ and FS^ clones in each family was 
not significant on the average; however, the response of the two clones 
within each family was not the same over all families as indicated by 
the highly significant A x B interaction. Even though, on the average, 
the amount of variation between the two clones per family was quite small, 
certain families of the Fj^ and FSj^ clones were significantly different 
(Tables 45 and 46). 
Table 15. Mean self-fertility indices and inbreeding coefficients (F) 
for the various levels of inbreeding (S^ population) 
Generation Self-fertility F 
^1 0.271 0.167 
^1 
1.081 0.056 
FSi 0.472 0.144 
^2 
0.115 0.306 
S3 0.047 0.421 
FZ 0.196 0.213 
Table 16. Analysis of variance mean squares (M.S.) for self-fertility (S^ population) 
clones clones FSj^ clones 
(1963-64) (1964-65) (1965-66) 
Source of variation D.F. M.S. D.F. M.S. D.F. M.S. 
Clones 94 0.1118** 65 0.9311** 63 0.3137** 
Among families (A) 
Within families(B) 
A X B 
32 
1 
32 
1.3413** 
0.0649 
0.5480** 
31 
1 
31 
0.3996** 
0.0062 
0.2377** 
Error 77 0.02 30 63 0.0502 58 0.0212 
Coefficient of variation (%) 56.1 20.7 30.8 
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The range in self-fertility of the clones was rather narrow, 
with over 50 per cent of the clones having a fertility index of approxi­
mately 0.100 (Figure 5). The F^ and FS^ clones had ranges in self-
fertility approximately twice that of the clones. The frequency 
distributions for the F^ and FS^ clones also indicated a higher fertility 
for the F^'s which was in agreement with the mean self-fertility in 
Table 15. As inbreeding continued there was a decrease in the range of 
self-fertility, and also a rapid accumulation of plants with a very low 
level of self-fertility. This is quite evident in Figure 6, where the 
frequency distributions of the S^, and F^ plants are presented along 
with the clones. 
The effects of inbreeding are also quite evident when the number of 
clones or plants having a fertility index of.zero is considered. These 
data are presented in Table 17. 
Table 17. Per cent of clones and plants in the S^, F^, FS^, S^, 
and Fg generations which have a self-fertility index of 
zero (S^ population) 
Generation Per cent 
"l 6.3 
0.0 
FSi 3.1 
^2 22.2 
S 46.4 
^2 18.9 
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Figure 5. Frequency distributions of the self-fertility of the F^ 
and FS^ clones (S^ population) 
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Figure 6. Frequency distributions of the self-fertility of the clones and the S 
plants (S^ population) 
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The mean self-fertility of the and FS^ clones for each family 
is presented in Tables 44, 45 and 46, respectively. A heterotic response 
was noted for the F^ clones in all families; however, after the second 
generation of sib-mating some degree of inbreeding depression was observed. 
There was a tremendous increase in fertility of the F^ clones in families 
210, 246, and 276. Also in families 210 and 276, the decrease in fertility 
with the FS^ clones was about half of the increase observed with the F^ 
clones while in family 246 the heterotic and inbreeding effects were 
about equal. Therefore, it appears that the clones varied in their 
genetic make-up of fertility and incompatibility factors, and in the 
production of the F^^ clones the level of incompatibility factors was 
reduced to some degree in all families. In the production of the FS^ 
clones an accumulation of incompatibility factors appeared to be taking 
place again, but not to the same level as existed in the clones. 
Table 18. Phenotypic correlations of cross- and sib-fertility with self-
fertility (S^ population) 
Cross-fertility Sib^-fertility Sibg-fertility 
Self-fertility 0.511** 0.654** 0.605** 
Phenotypic correlations between self-fertility and cross- and sib-
fertility suggest a positive association (Table 18). 
Broad sense heritability estimates are shown in Table 19. Relative­
ly low heritabilities were found for cross- and self-fertility when 
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determined by the and generations. However, when estimates were 
made with the and FS^ generations, relatively high values were 
obtained. The exact reason for such differences is unknown, but there 
may be some association with degree of inbreeding. The clones had an 
F value of-0.167 which is greater than either the F^ or FS^ clones. There­
fore at this level of inbreeding incompatibility factors affecting both 
cross- and self-fertility could have been so great that a full expression 
of fertility was impossible. This narrow range of fertility could have 
contributed to the lower heritability values observed. 
Table 19. Heritability estimates of cross-, sib- and self-fertility 
(S^ population) 
Generations Cross-fertility • Sib-fertility Self-fertility 
Si 0.260 — 0.294 
F^ and FS^^ 0.437 0.666 
Field Studies 
SQ and parental populations 
The means and the analyses of variance mean squares for the agronomic 
characteristics studied in the and parental populations are presented 
in Tables 20 and 21, respectively. The population, as compared to the 
population, was superior (1 per cent level) in spring vigor, yield per 
plant (1964 and 1965), seed production, length of longest stem, summer 
and fall plant height and summer and fall plant width. The population 
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also had a lower percentage of winter injury (5 per cent level) than the 
population. The amount of superiority exhibited by the SQ population 
varied with each agronomic characteristic. The decrease in yield from 
the SQ to the population was approximately 34.0 per cent for 1964 and 
1965, while the decrease in seed production was 89.6 per cent. The 
decrease in plant height and widths ranged from 12.1 to 20.6 per cent. 
Therefore, the effects of inbreeding for one generation by self-fertiliza­
tion were quite apparent for several agronomic characteristics. 
Also presented in Table 20 are the means of the parental plants 
which were selected in each population to begin inbreeding by sib-mating. 
It is evident that the parental plant means were very similar to the 
population means for all agronomic characteristics. Therefore this would 
indicate that the random sample of 100 parental clones from each popula­
tion was representative of the total population. 
progenies, and populations 
Forty-eight and 36 F^ progenies from the and populations, 
respectively, were planted in a field nursery in order that two plants 
within each progeny could be randomly selected for the first generation 
of sib-mating. Since this material was not planted in any planned 
experimental design, the testing of certain comparisons statistically 
is not possible. However data on five agronomic characteristics which 
are important to alfalfa breeders were obtained. The means for the two 
F^ populations are presented in Table 22, Individual progeny means are 
shown in Table 50 in the Appendix. The mean differences between the 
two F^ populations for the five agronomic characteristics measured are 
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Table 20. Mean values for agronomie characteristics of the 100 and 
100 parental plants and the SQ and parental populations, 
1964 and 1965 
Character 
SQ population 
^1 population 
Selected 
parental 
plants® 
Commercial 
Vernal ^ 
population 
Selected 
parental 
plants® 
Composite 
Verna1 ^ 
population 
Spring vigor 4.2 4.2 5.3 5.4 
% winterkill 8.1 8.8 17.3 11.8 
% winter injury 16.2 19.1 22.4 27.6 
Yield, 1964 1.28 1.33 0.92 0.85 
1965 1.61 1.61 1.16 1.09 
Seed production 2.8 2.9 5.2 5.5 
Length of longest stem 38.8 39.0 29.8 31.4 
Plant height, summer 34.1 33.9 26.4 27.5 
fall 38.6 39.6 34.6 34.8 
Plant width, summer 37.4 38.7 30.3 30.9 
fall 58.2 58.0 51.3 50.2 
Fall growth habit 0.68 0.71 0.71 0.73 
^Mean of approximately 100 plants. 
^Mean of approximately 800 plants. 
not as large, in general, as those observed in the original populations 
(Table 20). However this would be expected since the degree of inbreed­
ing was considerably less in the progenies from the population 
(F = 0.056) than it was in the original population (F = 0.167). The 
SQ population and its F^ progenies were considered as non-inbreds (F = 0). 
The means of the randomly selected Fj^ plants for the first generation 
Table 21. Analysis of variance mean squares for agronomic characteristics of the and parental 
populations 
Source of variation D.F. 
Per cent 
winter­
kill 
Per cent 
winter 
injury D.F. 
Spring 
vigor 
Yield 
(1965) 
Replications 
SQ VS. 
Experimental error 
Sampling error 
SQ population 
S^ population 
C.V. (7o) 
14 
1 
14 
0.2982 
1.5233 
0.3887 
0.6786 
5.8609* 
0.6681 
14 
1 
14 
1080 
540 
540 
19.2 17.2 
36.86 
336.00** 
13.71 
8.51 
9.08 
7.95 
75.6 
1.45 
76.89** 
0.56 
0.40 
0.49 
0.32 
55.5 
Table 21. (Continued) 
Source of variation D.F. 
Yield 
(1964) 
Plant 
height 
Plant 
width 
Longest 
stem 
Seed 
production 
Replications 14 0.95 485 263 168 14.46 
SQ VS. S^ 1 83.72** 14,912** 21,700** 20,778** 2,506.90** 
Experimental error 14 0.36 108 101 81 6.23 
Sampling error 1410 0.18 44 72 53 5.47 
SQ population 705 0.22 42 76 49 5.21 
S^ population 705 0.14 45 67 57 5.74 
C.V. (%) 55.1 33.9 28.9 25.5 59.4 
Table 21. (Continued) 
Source of variation D.F. 
Fall plant 
height 
Fall plant 
width 
Fall growth 
habit 
Replications 14 177 409 0.0995 
SQ VS. 1 8,122** 21,058** 0.1197 
Experimental error 14 161 347 0.0846 
Sampling error 1380 36 144 0.03 74 
SQ population 690 35 143 0.0309 
S^ population 690 38 144 0.0440 
C . V .  ( 7 c )  34.1 34.4 40.4 
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Table 22. Mean values for certain agronomie characteristics of the 
parental plants selected for the first generation of sib-
mating, and the mean of the population from which the plants 
were selected for both the and populations, 1965 
Character 
S o l  population population 
Selected 
parental 
plants® 
'o> 
population^ 
Selected 
pa renta1 
plants^ population^ 
Spring vigor 3.2 3.9 2.9 3.1 
% winterkill 18.5 18.8 18.0 16.6 
% winter injury 14.7 17.0 6.8 8.0 
Yield 1.27 1.17 1.28 1.34 
Seed production 2.8 3.1 2.6 2.5 
^Mean of 75 plants. 
^Mean of 288 plants. 
^Mean of 59 plants. 
^Mean of 250 plants. 
of sib-mating are also presented in Table 22. These means are similar 
to the population means for all agronomic characteristic. Therefore, 
the parental plants from each population appeared to be representa­
tive of the total population. 
FS^ progenies, SQ and populations 
Forty-three and 32 FS^ progenies from the SQ and populations, 
respectively, were planted in a field nursery in order that two plants 
within each progeny could be randomly selected for the second generation 
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of sib-mating. These progenies were planted the same as described for 
the progenies. Data were again obtained on five agronomic characteris­
tics. The means for the two FS^ populations are presented in Table 23. 
Individual progeny means are shown in Table 51 in the Appendix. The 
magnitude of the differences between the two FS^ populations appeared to 
be similar to that found for the two populations. This could be 
expected, however, since the difference in degree of inbreeding of the two 
FS^ populations remained similar to the F^ populations. 
Differences in per cent winterkilling of the F^ and FS^ populations 
reflected the severity of two different winters following the establish­
ment of these nurseries. The Fj^ populations were established in the 
summer of 1964, and followed by a severe winter, particularly during 
March, 1965. The data on the five agronomic characteristics, obtained 
during the summer of 1965, suggested that severe winter injury had 
occurred. On the other hand, the FS^ populations were established in 
the summer of 1965 and the following winter was relatively mild as 
compared to the previous one. The data for the FSj^ populations were 
obtained in the summer of 1966 and very little winterkilling and winter 
injury were noted. 
The means of the randomly selected FS^ plants for the second genera­
tion of sib-mating also are presented in Table 23. Again, these means 
were similar to the population means for all agronomic characteristics. 
The randomness of the FS^ parental plants is evident. 
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Table 23. Mean values for certain agronomie characteristics of the 
parental plants selected for the second generation of sib-
mating, and the mean of the population from which the plants 
were selected for both the and populations, 1966 
S Q ]  population S^ population 
Character 
Selected 
parental 
plants® 
FS^(Fj^ X F p  
population^ 
Selected 
parental 
plants^ 
FS^CF^ X F^) 
population^ 
Spring vigor 2 . 5  2 . 5  2 . 9  3 . 1  
7 o  winterkill 1 . 2  0 . 2  1 . 6  1 . 0  
% winter injury C
M t—
1 
1 . 0  1 . 6  2 . 0  
Yield 0 . 6 4  0 . 6 7  0 , 5 7  0 . 5 6  
Seed production 6 . 4  6 . 4  6 . 6  6 . 8  
^Mean of 85 plants. 
^Mean of 424 plants. 
^Mean of 63 plants. 
^Mean of 289 plants. 
Experiment 1^ 
The progeny means and the analyses of variance mean squares for the 
agronomic characteristics studied in Experiment 1 are presented in Tables 
24 and 25, respectively. A listing of the individual progeny means is 
presented in Table 52 in the Appendix. 
Significant variation (1 per cent level) for entries was observed 
for all characteristics studied (Table 25). Upon partitioning the sums 
of squares for entries, this variation was found mainly among the F^, 
S^, FS^, and progenies. Significant variation (5 per cent level) among 
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Table 24. Mean values of the SQ, F^, and FS^ progenies for 
agronomic characteristics in Experiment 1 (S^ population) 
Progenies 
Character 
So 
(0.000)3 
Fl 
(0.000) 
^2 
(0.167) 
Si 
(0.167) 
FSi 
(0.083) 
Spring vigor 1.7 1.4 3.6 3.7 2.2 
Yield 0.92 1.01 0.58 0.57 0.85 
Days to flower 28.7 28.3 32.5 32.6 32.2 
Seed production 2.9 2.6 6.8 6.4 5.7 
Plant height, summer 47.3 47.6 38.7 37.9 42.0 
fall 38.1 36.5 30.8 31.2 32.6 
Plant width, summer 49.0 47.8 38.0 35.6 41.4 
fall 67.5 69.8 58.7 59.4 63.8 
Growth habit, summer 0.99 1.03 1.11 1.14 1.06 
fall 0.59 0.54 0.57 0.56 0.54 
Plant density 4.9 3.6 3.9 4.5 3.4 
Leaf shape 5.5 5.8 5.4 5.7 6.4 
^Inbreeding coefficient (F). 
the SQ progenies was found in only one analysis, summer plant width. 
This condition may be expected however since the progenies represented 
the original level of performance for the SQ population, and the four 
progenies were obtained from the same seedlot (commercial Vernal). 
Moreover, the SQ progenies may be considered as one family, but for the 
other progenies, families with different genetic composition did exist, 
since they originated from different crosses or selfs. 
Table 25. Analysis of variance mean squares of the S^, Fg, and FS^ progenies for agronomic 
characteristics in Experiment 1 (S^ population) 
Spring Days to Seed 
Source of variation D.F. vigor Yield flower production 
Replications 4 0.90 0.0501 11.19 5.91 
Entries 43 9.97** 0.2823** 48.18** 23.09** 
Fj^ progenies 10 0.98 0.1016** 11.56** 4.96** 
progenies 9 8,01** 0.1021** 17.58** 4.78** 
FS^ progenies 9 3.19** 0.0932** 37.26** 13.20** 
F2 progenies 8 13.72** 0.2165** 81.18** 12.34** 
SQ progenies 3 0.82 0.0457 1.42 2.76 
[Sg.F^] vs. [FS^^S^^Fg] 1 136.40** 4.9344** 801.62** 642.14** 
SQ VS. F^ 1 0.77 0.1064* 2.10 1.29 
vs. [FS^^Fg] 1 21.67** 0.7619** 3.12 0.88 
FS^ vs. Fg 1 47.19** 1.6943** 1.87 30.16** 
Non-orthogonal comparisons: 
^1 ^2 1 126.10** 4.5094** 430.23** 440.93** 
F, vs. FS. 1 15.65** 0.6653** 395.95** 250.45** 
vs. F^ 1 0.12 0.0033 0.61 4.39 
Error 172 0.56 0.0183 3.36 1.66 
C.V. (%) 29.9 17.8 5.9 25.8 
Table 25. (Continued) 
Plant height Plant width 
Source of variation D .F. Summer 1 Fall Summer Fall 
Replications 4 30.06 12.79 44.73 175.98 
Entries 43 112.81** 125.81** 319.99** 379.96** 
progenies 10 24.22** 113.11** 184.93** 194.64** 
progenies 9 49.64** 59.07** 222.52** 224.06** 
FSj^ progenies 9 22.35** 141.88** 124.51** 338.32** 
F2 progenies 8 42.52** 111.91** 382.51** 593.64** 
SQ progenies 3 5.91 9.24 41.61* 41.09 
[SQ,F^] VS. [FS^.S^sFg] 1 3135.37** 1423.35** 4729.94** 3623.80** 
% ^1 1 1.43 36.36 22.88 78.82 
vs. [FS^iFz] 1 206.88** 10.07 579.90** 131.75 
FSI VS. FG 1 259.17** 77.61* 270.36** 623.56** 
Non-orthogonal comparisons; 
Fi vs. 1 1970.07** 806.29** 2366.12** 3098.71** 
F, vs. FS^ 1 825.39** 397.84** 1072.40** 961.23** 
Si vs. F,! 1 14.12 3.76 139.32** 11.44 
Error 172 6.59 12.78 14.62 40.92 
C.V. (%) 6.1 10.7 9.2 10.0 
Table 25. (Continued) 
Growth habit Plant Leaf 
Source of variation D.F. Summer Fall density shape 
Replications 4 0.0584 0.0038 10.61 2.30 
Entries 43 0.1508** 0.0667** 14.00** 8.72** 
progenies 10 0.0776** 0.0378** 8.12** 7.79** 
progenies 9 0.2521** 0.0666** 13.45** 8.90** 
FS^ progenies 9 0.0760** 0.0834** 13.17** 7.40** 
F2 progenies 8 0.2730** 0.1317** 28.26** 14.80** 
SQ progenies 3 0.0153 0.0093 0.63 0.80 
[S F^] vs. [FS S F ] 1 0.3161** 0.0004 0.01 0.74 
1 0.02 6 9 0.0301* 23.89** 1.27 
Sj va. [FSj.Fjl 1 0.1279** 0.0019 23.79** 2.64 
FSj^ vs. Fj 1 0.0547* 0 . 02 78* 5.87 24.75** 
Non-orthogonal comparisons: 
Fi vs. Fg 1 0.1294** 0.023 0 2.14 3.90 
F., vs. FS. 1 0.0154 0.0004 1.09 10.24** 
Si vs. 1 0.0326 0.0002 8.25 1.53 
Error 172 0.0136 0.0066 2.39 1.22 
C.V. (%) 10.8 14.5 39.6 19.0 
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In general, the variation among the progenies was greater than 
the variation among the other progenies. This was true for seven of the 
12 characteristics studied. For the remaining three characteristics, the 
F2 progenies ranked second in amount of variability present for two 
characteristics and third for another. The progenies appeared to 
have the second largest amount of variability while the variation among 
the FS^ and F^ progenies varied considerably, but was usually less than 
that observed for the ^ 2 S^'s. 
The degree of inbreeding for the F^ and progenies is the same, 
F = 0.167; however, the Fg's, in general, had much larger mean squares 
than the S^'s suggesting that considerably more variability is present 
among the Fg's. Closer scrutiny of the self-fertility data for the 
and F^ clones which produced the and F^ progenies, respectively, may 
afford some explanation for these results. In order to include an 
progeny in Experiment 1, adequate seed were necessary. Therefore the 
progenies were from clones which were much higher in self-fertility 
than the total population of S^'s. This necessitated that the sample 
of progenies be chosen from a small section of the distribution curve 
which apparently reduced the variability among the progenies. On the 
other hand, the F^ clones had a higher self-fertility and the number of 
F^ progenies with adequate seed for testing was greater than the 
progenies; thus allowing the nine Fg progenies to be selected from a 
broader distribution. 
In general, as the degree of inbreeding increased so did the amount 
of variability among the progenies. Thus if inbreeding could be continued 
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until F = 1, the among progeny variance would be twice that found in a 
non-inbred population and the within progeny variance would be zero. 
The effects of inbreeding are quite evident when the non-inbreds 
(SQ, F^) were compared with inbreds (FS^^, S^, F^). The non-inbred 
progenies were superior in spring vigor, forage yield, seed production, 
summer and fall plant height, and summer and fall plant width. The non-
inbred progenies also flowered earlier, and were more prostrate in summer 
growth habit than the inbred progenies (Table 24). In general, similar 
effects of inbreeding are evident for the vs. [FS^jF^] comparison. 
The F^ progenies performed differently from the progenies for 
three agronomic characteristics. The F^ progenies were higher yielding, 
more prostrate in fall growth habit, and exhibited a greater plant 
density than the progenies. Therefore, in general, little super­
iority was noted with the F^ progenies. This may be expected however, 
since the degree of inbreeding was the same for both types of progenies. 
FS^ vs. Fg may be considered the critical comparison in this study. 
In this comparison the effects of sib-mating were compared directly with 
the effects of selfing. The FS^ progenies were superior to the Fg 
progenies in spring vigor, forage yield, seed production, summer and fall 
plant height, and summer and fall plant width. The FS^ progenies were 
also more prostrate in both summer and fall growth habit, and had longer 
and broader leaves (Table 24). Therefore, it appears that the effects 
of sib-mating, at least for one generation, were less drastic than selfing, 
and the performance of the various agronomic characteristics may be 
maintained at a higher level with sib-mating than with selfing. 
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Two non-orthogonal comparisons, vs. F^ and F^ vs. FS^ (Table 25) 
indicated the performance of the F^ and FSj^ progenies was significantly 
lower than that of the F^ progenies for nine of the 12 characteristics 
studied. Moreover, inbreeding depression was less for the FSj^ progenies 
as compared with the Fg's, and generally the FS^ performance was between 
that of the F^ and F^ progenies (Table 24). This would be expected, 
however, since the degree of inbreeding of the FS^ progenies is less 
than that of the Fg's. 
The mean performance of the and F^ progenies was the same for 
all agronomic characteristics except summer plant width. Therefore the 
response of these two groups of progenies is quite similar which is in 
agreement with the level of inbreeding for both the and F^ progenies 
(F = 0.167). 
Phenotypic and genotypic correlations for all agronomic characteris­
tics in Experiment 1 are presented in Tables 26 and 27. Tests of sig­
nificance were not made of genotypic correlations. Within any group of 
progenies, genotypic correlations may be related to pleiotropic effects 
of genes and/or linkage. 
Failure of the genotypic correlation to equal the corresponding 
phenotypic correlation for two characteristics was related to the presence 
of environmental correlations. Genotypic correlation in excess of the 
phenotypic correlation in either a positive or negative direction 
indicated environmental correlations of opposite sign to that of the 
genotypic correlation. On the other hand, the reverse situation indicated 
genotypic and environmental associations acting in the same direction 
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Table 26. Phenotypic and genotypic correlations of all agronomie characteristics for the 
Experiment 1 (SQ population) 
Spring 
vigor Yield 
Days to 
flower 
Seed 
production 
Plant height 
Summer Fall 
Spring vigor -0.63** 0.31 0.00 -0.36 0.18 
-0.82» 0.45 -0.11 -0.46 0.35 
Yield -0.97** -0.03 0.04 0.20 0.21 
-1.08 -0.02 0.10 0.20 0.21 
Days to flower 0.19 -0.06 0.13 -0.48 -0.08 
0.20 -0.06 0.14 0.08 -0.08 
Seed production 0.31 -0.24 0.78** -0.06 -0.01 
0.34 -0.02 0.87 -0.04 -0.00 
Plant height, stmmer -0.20 0.04 -0.71* -0.64* 0.48 
-0.18 -0.01 -0.81 -0.79 0.55 
fall 0.54 -0.46 0.38 0.19 -0.19 
0.64 -0.57 0.43 0.22 -0.28 
Plant width, summer -0.67* 0.62 -0.50 -0.77&* 0.43 -0.26 
-0.72 0.67 -0.51 -0.87 0.46 -0.29 
fall -0.76** 0.75* -0.21 -0.63* 0.28 -0.28 
-0.83 0.81 -0.23 -0.72 0.30 -0.33 
Growth habit, summer 0.73* -0.76** 0.12 0.47 0.07 0.26 
0.84 -0.80 0.12 0.54 0.04 0.29 
fall 0.84** -0.80** 0.28 0.41 -0.23 0.83** 
0.93 -0.92 0.30 0.46 -0.27 0.85 
Plant density 0.29 -0.19 0.03 -0.32 0.15 0.63* 
0.35 -0.19 0.04 -0.40 0.19 0.72 
Leaf shape 0.48 -0.57 -0.39 -0.19 0.30 0.11 
0.57 -0.67 -0.46 -0.23 0.41 0.13 
^Phenotypic correlation. 
Genotypic correlation. 
sties for the progenies (upper diagonal) and FS^ progenies (lower diagonal) in 
t height Plant width Growth habit Plant 
density 
Leaf 
shape Fall Summer Fall Summer Fall 
0.18 -0.82** -0.68** 0.89** 0.60* -0.43 -0.00 
0.35 -1.20 -0.98 1.38 0.99 -0.82 -0.15 
0.21 0.72* 0.70* -0.74** -0.33 0.40 0.34 
0.21 0.78 0.75 -0.96 -0.39 0.59 0.43 
-0.08 -0.44 -0.42 0.32 0.15 -0.30 0.67* 
-0.08 -0.49 -0.53 0.36 0.20 -0.41 0.84 
-0.01 -0.02 -0.12 -0.05 0.07 0.52 -0.30 
-0.00 -0.02 -0.17 -0.09 0.11 0.71 -0.43 
0.48 0.62* 0.29 -0.29 0.22 0.27 -0.19 
0.55 0.69 0.31 -0.42 0.30 0.36 -0.22 
0..11 0.08 0.10 0.73* 0.11 0.05 
0.04 0.02 0.11 0.76 0.14 0.06 
-0.26 0.79** -0.92** -0.42 0.51 -0.07 
-0.29 0.87 -0.96 -0.44 0.62 -0.07 
-0.28 0.93** -0.81** -0.61* 0.57 0.02 
-0.33 1.00 -0.97 -0.60 0.71 0.04 
0.26 —0.8 6** -0.90** 0.60* -0.51 0.03 
0.29 -0.89 -1.03 0.67 -0.66 0.03 
0.83** -0.65* -0.75* 0.68* -0.27 -0.03 
0.85 -0.68 -0.76 0.72 -0.33 -0.44 
0.63* 0.17 0.19 -0.03 0.35 -0.03 
0.72 0.19 0.19 -0.04 0.42 -0.02 
0.11 -0.39 -0.55 0.63* 0.42 -0.08 
0.13 -0.44 -0.62 0.74 0.48 -0.08 
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Table 27. Phenotypic and genotypic correlations of all agronomie characteristics for the ] 
in Experiment 1 (SQ population) 
Spring 
vigor Yield 
Days to 
flower 
Seed 
production 
Plant height 
Summer Fall St 
Spring vigor -0.83**^ 0.41 0.35 -0.54 -0.47 -1 
-0.88° 0.45 0.42 -0.57 -0.53 -1 
Yield -0.97** -0.07 -0.30 0.41 0.29 ( 
-1.00 -0.07 -0.35 0.45 0.29 1 
Days to flower 0.77* -0.74* 0.09 -0.17 -0.17 -1 
0.80 -0.78 0.09 0.05 -0.19 -( 
Seed production 0.19 -0.38 0.25 0.09 -0.28 ( 
0.20 -0.40 0.26 0.15 -0.38 ( 
Plant height, summer -0.74* 0.82** -0.73* -0.34 0.61 ( 
-0.80 0.91 -0.78 -0.38 0.60 ( 
fall 0.38 -0.36 0.29 0.22 0.01 
0.42 -0.42 0.32 0.26 -0.03 
Plant width, summer -0.92** 0.94** —0.84** -0.45 0.76* -0.54 
-0.94 0.98 -0.86 -0.49 0.81 -0.59 
fall -0.59 0.65 -0.45 -0.36 0.47 -0.79* ( 
-0.61 0.67 -0.47 -0.40 0.50 -0.88 ( 
Growth habit, summer 0.97** -0.94** 0.77* 0.27 -0.67* 0.48 -( 
1.01 -1.01 0.80 0.29 -0.76 0.52 -( 
fall 0.61 -0.65 0.48 0.34 -0.39 0.90** -( 
0.63 -0.70 0.50 0.38 -0.43 0.93 -( 
Plant density 0.79* -0.77* 0.72* 0.23 -0.67* -0.01 -( 
0.85 -0.83 0.77 0.24 -0.76 -0.01 -( 
Leaf shape 0.23 -0.09 0.57 -0.42 -0.34 -0.22 -( 
0.24 -0.09 0.60 -0.48 -0.37 -0.25 -( 
^Phenotypic correlation. 
Genotypic correlation. 
ic characteristics for the progenies (upper diagonal) and progenies (lower diagonal) 
Plant height Plant width Growth habit Plant Leaf 
ion Siitnmpr Fall Summer Fall Summer Fall density shape 
5 -0.54 -0.47 -0.59 -0.39 0.60 0.12 0.61 0.05 
2 -0.57 -0.53 -0.61 -0.40 0.62 0.10 0.70 0.06 
0 0.41 0.29 0.74* 0.61 -O.SWf* -0.33 -0.53 0.19 
5 0.45 0.29 0.80 0.64 -0.92 -0.42 -0.60 0.24 
9 -0.17 -0.17 -0.14 -0.13 0.10 0.04 0.19 0.27 
9 0.05 -0.19 -0.12 -0.14 0.09 0.05 0.24 0.31 
0.09 -0.28 0.03 0.04 0.08 -0.09 0.08 0.17 
0.15 -0.38 0.05 0.05 0.08 -0.12 0.08 0.20 
4 0.61 0.63* 0.15 -0.24 0,20 -0.06 0.33 
3 0.60 0.66 0.14 -0.28 0.23 -0.08 0.40 
2 0.01 0.04 -0.19 0.20 0.69* -0.52 0.56 
5 -0.03 0.06 0.20 0.22 0.72 -0.65 0.69 
5 0.76* -0.54 0.71* -0.88** -0.54 -0.02 0.19 
9 0.81 -0.59 0.76 -0.89 -0.56 -0.02 0.22 
6 0.47 -0.79* 0.73* -0.84** -0.82** -0.21 0.12 
0 0.50 -0.88 0.75 -0.94 -0.85 -0.29 0.17 
7 -0.67* 0.48 -0.94** -0.65 0.77** 0.18 -0.01 
9 -0.76 0.52 -0.95 -0.68 0.84 0.20 -0.17 
-0.39 0.90** -0.76* -0.95** 0.66* -0.15 0.32 
Î -0.43 0.93 -0.78 -0.97 0.67 -0.16 0.35 
3 -0.67* -0.01 -0.65 -0.17 0.70* 0.24 -0.28 
-0.76 -0.01 -0.70 -0.20 0.75 0.26 -0.31 
I -0.34 -0.22 -0.13 0.09 0.15 -0.13 0.39 
i -0.37 -0.25 -0.13 0.10 0.16 -0.44 0.44 
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and possibly through the same physiological mechanisms. In general, the 
genotypic correlations for the F^, FS^, and progenies were greater 
than, or approximately equal to, the phenotypic correlations. Therefore, 
these data suggested the environmental correlations among the agronomic 
characteristics were relatively small, and generally acted in an opposite 
direction to genotypic associations. 
For all progenies, a positive association was found between spring 
vigor and yield, that is, those progenies which were the most vigorous in 
the spring were also the highest yielding in the summer.^ Spring vigor, 
in general, was found also to be positively associated with summer and 
fall plant width, and summer and fall prostrate growth habit. 
Yield was also found to be associated with plant width and growth 
habit. Wider plants with a more prostrate type of growth tended to 
produce the highest yield. 
A general relationship was also observed for plant height, plant 
width and growth habit. Taller progenies tended to have a more upright 
growth habit, while on the other hand, the progenies with larger plant 
widths were also more prostrate in growth habit. 
Certain associations were found in some progenies but not in others. 
For example, in the FS^ progenies days to flower was positively correlated 
with seed production and negatively correlated with summer plant height. 
These relationships were not observed in the Fj^ and progenies. Such 
variations among the different progenies suggest the possibility of 
Negative correlation coefficients in Tables 26 and 27 result from 
method of scoring spring vigor, that is, 1 represented greatest vigor and 
9 represented least vigor. 
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some linkage among genes affecting two characteristics. For some 
characteristics, similar phenotypic correlations were found for all 
progenies. Whether these associations were due to pleiotropic effects 
and/or linkage cannot be adequately determined from this study. 
Experiment 2^ 
The progeny means and the analyses of variance mean squares for the 
agronomic characteristics studied in Experiment 2 are presented in Tables 
28 and 29, respectively, A listing of the individual progeny means is 
presented in Table 53 in the Appendix. 
Significant variation (1 per cent level) for entries was observed 
for all characteristics studied (Table 29). Upon partitioning the sums 
of squares for entries, considerable variation among the progenies 
was found for all characteristics except seed production. Similarly 
the variation among the FS^ progenies was significantly different from 
zero for all characteristics except summer growth habit. Significant 
variation among the and progenies was observed for seven and nine 
characteristics, respectively. 
In general, the variability among the S^ progenies was greater than 
that observed among the other progenies. Since the S^ progenies are the 
most highly inbred, this increased variation would be expected. A 
definite trend for increased variability with inbreeding was not 
apparent among the F^, FS^ and F^ progenies. However, seed germination 
for this experiment was poor and the number of progenies planned for 
each level of inbreeding was not realized; therefore, the small number 
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Table 28. Mean values of the S^, ^2 Progenies for 
agronomic characteristics in Experiment 2 (S^ population) 
Progenies 
Character 
Si 
(0.167)* 
Fl 
(0.056) 
^2 
(0.231) 
S2 
(0.306) 
FSi 
(0.144) 
Spring vigor 2.9 2.1 3.4 5.3 2.3 
Yield 0.60 0.88 0.58 0.38 0.74 
Days to flower 35.0 32.4 35.3 37.9 31.9 
Seed production 6.9 2.6 6.3 8.2 5.5 
Plant height, summer 41.0 45.5 42.0 38.1 46.4 
fall 27.9 29.2 27.6 26.3 29.7 
Plant width, summer 44.5 53.6 38.4 29.7 45.4 
• fall 56.9 71.0 59.8 45.0 58.0 
Growth habit, summer 0.96 0.89 1.17 1.50 1.07 
fall 0.53 0.42 0.50 0.68 0.54 
Plant density 4.2 4.1 4.0 4.0 3.2 
Leaf shape 5.5 4.9 4.5 3.7 5.3 
^Inbreeding coefficient (F). 
of progenies which did germinate may not have been representative of 
the general populations. 
The and Fj^ progenies were superior to the FS^, and Fg 
progenies in spring vigor, forage yield, seed production, and summer 
and fall plant width. These two groups of progenies also flowered 
earlier, and exhibited a more prostrate growth habit in the summer and 
fall. The mean performance of the FS^ and F^ progenies as compared to 
the progenies was somewhat similar to the [S^^F^] vs. [FS^,S2,F2] 
Table 29. Analysis of variance mean squares of the S^, Fj^, Fg, and FS^ progenies for agronomic 
characteristics in Experiment 2 (S^ population) 
Source of variation D. ,F. 
Spring 
vigor Yield 
Days to 
flower 
Seed 
production 
Replications 2 4.02 0.0381 3.19 1.44 
Entries 27 . 6.76** 0.1550*ff 32.31** 14.42** 
Fj^ progenies 4 0.80 0.0393 8.42 2.92 
Sg progenies 3 14.35** 0.2284** 44.24** 2.04 . 
FS^ progenies 8 3.44** 0.1378** 20.01** 7.41** 
F2 progenies 8 1.62 0.0278 20.83** 10.45** 
[Sj^,Fj^] vs. [FS^,S^,F^] 1 17.08** 0.6962** 31.54** 122.36** 
Si vs. F^ 1 1.74 0.1979** 16.73* 44.38** 
Sg vs. [FS^^Fg] 1 58.89** 0.7764** 178.35** 53.12** 
FS^ vs. F2 1 18.03** 0.3488** 152.68** 8.96* 
Non-orthogonal comparisons: 
Fi vs. Fg 1 18.11** 0.8563** 77.29** 126.93** 
F. vs. FS^ 1 0.44 0.1817** 2.73 76.32** 
s: vs. F 
1 2 
1 0.79 0.0033 0.16 0.92 
Error 54 1.16 0.0243 3.60 1.64 
C.V. (7c) 34.8 23.6 5.6 22.4 
Table 29. (Continued) 
Source of variation D.F. 
Plant height 
Summer Fall 
Plant width 
Summer Fall 
Replications 
Entries 
F^ progenies 
Sg progenies 
FS^ progenies 
F2 progenies 
[S^,F^] vs. [FS^,S2,F2] 
Si vs. Fi 
Sg vs. [FSi^Fg] 
FS^ vs. F2 
Non-orthogonal comparisons; 
27 
4 
3 
8 
8 
1 
1 
1 
1 
13.19 
69.32** 
59.98** 
142.28** 
26.29* 
35.10** 
37.40 
50.48* 
364.45** 
261.36** 
60.96 
88.91** 
132.44** 
65.76* 
33.28* 
159.83** 
7.90 
4.31 
55.60 
60.80 
26.19 
309.91** 
202. 
386. 
142. 
95. 
2152, 
207. 
1479. 
658. 
12** 
43** 
63** 
10* 
17** 
33* 
81** 
7 Off* 
21 .26  
456.00** 
292. 
945. 
185. 
281. 
2132. 
495. 
1899. 
40. 
38** 
37** 
53** 
78fn'f 
30** 
62** 
25** 
73 
F^ vs. Fg 
F^ vs. FS^ 
S J vs. Fg 
Error 
C.V. (%) 
54 
115.94** 
8.39 
2.84 
11.99 
8 . 0  
24.52 
2 .68  
0 .2 1  
15.87 
14.0 
2202.77** 
637.19** 
97.44 
36.61 
14.3 
1215.69** 
1620.92** 
21.96 
62.94 
13.4 
Table 29. (Continued) 
Source of variation D.F. 
Growth 
Summer 
habit 
Fall 
Plant 
density 
Leaf 
shape 
Replications 2 0.0946 0.0168 6.80 2.19 
Entries 27 0.2221** 0.0582** 11.67** 7.48** 
progenies 4 0.0918 0.0381** 13.29** 8.28** 
Sg progenies 3 0.5497** 0.0976** 8.68* 5.61* 
FS^ progenies 8 0.0802 0.0174** 7.14* 11.17** 
Fg progenies 8 0.0682 0.0653** 20.68** 4.71** 
[S^,F^] vs. [FS^.S^jF^] 1 1.2156** 0.1567** 3.15 1.51 
Si ^1 1 0.0144 0.0264* 0.03 1.02 
Sg vs. [FS^, Fg] 1 1.4260** 0.2619** 1.41 13.41** 
FS^ vs. Fg 1 0.1360 0.0185 8.64 9.13* 
Non-orthogonal comparisons: 
Fi vs. Fg 1 0.7928** 0.0530** 0.14 1.70 
vs. FS^ 1 0.3349** 0.1192** 8.21 1.56 
vs. Fg 1 0.1199 0.0022 0.14 3.03 
Error 54 0.0423 0.0056 2.66 1.38 
C.V. (%) 18.2 14.4 44.1 25.0 
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comparison. Only two additional differences were noted. The FS^ and 
F2 progenies were taller and had broader leaves than progenies. The 
effects of a small increase in degree of inbreeding are quite evident 
from these two comparisons. 
The Fj^ progenies exhibited a heterotic response over that of the 
progeny for seven agronomic characteristics. The F^'s were higher 
yielding, earlier flowering, better seed producers, taller in the summer, 
wider in the summer and fall, and more prostrate in fall growth habit 
than the progeny. 
Again, the critical comparison in this study was FS^ vs. F^ which 
compares sib-mating with selfing. As compared with the F^ progenies, 
the FS^'s were more vigorous in the spring, higher yielding, earlier 
flowering, better in seed production, taller and wider in the summer, and 
the leaves were broader. Therefore, the milder form of inbreeding (sib-
mating) appeared to retard somewhat the effects normally associated with 
selfing. 
In the non-orthogonal comparison F^ vs. F^, inbreeding depression 
was apparent for nine agronomic characteristics. It is interesting to 
note that in seven characteristics which inbreeding depression was found, 
a heterotic response was observed in the vs. F^ comparison. In two 
cases no heterotic response was evident, but a decrease in performance 
was noted. The F^ vs. FS^ non-orthogonal comparison also indicated that 
the milder form of inbreeding (sib-mating) may also cause some inbreeding 
depression. In six of the characteristics studied the F^ progenies were 
superior to the FS^'s. 
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Phenotypic and genotypic correlations for all agronomic characteris­
tics in Experiment 2 are presented in Tables 30 and 31. In most cases 
the genotypic correlations for the FS^, F^ and progenies were 
greater than, or approximately equal to, the phenotypic correlations. 
Even though the environmental correlations generally acted in an opposite 
direction to the genotypic correlation, the magnitude was rather large 
in certain instances. Therefore, these data suggested that environmental 
correlations were of greater importance in this experiment than they 
were in Experiment 1. 
Phenotypic associations of characteristics of the various progenies 
were not evident in this experiment as they were in Experiment 1. Yield 
was positively correlated with spring vigor only for the F^ and FS^ 
progenies, and positively correlated with fall plant width only in one 
case (Sg progenies). -In general, summer plant width was negatively 
correlated with summer growth habit, that is, plants that were wider 
tended to exhibit a more prostrate habit of growth. 
Also certain associations were found in some progenies but not in 
others. In the F^ progenies, summer plant width was negatively 
correlated with leaf shape. This association was not apparent for the 
other progenies. Such data may suggest the presence of linkage rather 
than pleiotropic effects. However, since the number of progenies within 
each group was small, errors due to sample size may be quite large and 
some associations, apparently significant, may have been due to chance 
alone. Therefore, such associations may not have any biological 
significance. 
Table 30. Phenotypic and genotypic correlations of all agronomie characteristics for the F 
Experiment 2 (S^ population) 
Spring 
vigor Yield 
Days to 
flower 
Seed 
production 
Plant height 
Summer Fall 
Spring vigor 
00 
1 
e
 
1 
o
 
1 0,33 -0.16 0.11 0.42 
Yield -0.71* -0.67 -0.24 0.34 0.02 
-0.72 -1,04 -0.58 0,34 -0.22 
Days to flower 0.10 -0.30 0.77 -0,62 -0.59 
0.03 -0.29 1.47 -0.71 -0.72 
Seed production 0.21 -0.11 0.20 -0,70 -0.92* 
0.22 -0.14 0.24 -1.17 -1.56 
Plant height, summer -0.66 0,23 -0.28 -0.39 0.84 
-0.87 0,16 -0.22 -0.58 0.94 
fall -0.36 0.36 -0.02 -0.42 0,67* 
-0.41 0.30 0.13 -0.78 0,94 
Plant width, summer -0.44 0.44 -0.36 0,07 0,48 0.29 
-0.38 0.43 -0.31 0.10 0,48 0.38 
fall -0.28 0.66 -0.56 -0.01 0.25 0.38 
-0,11 0.69 -0.65 -0,02 0,23 0.35 
Growth habit, summer 0.29 -0.45 0.27 -0.20 -0.12 -0.03 
0.17 -0.60 0.23 -0.37 -0.09 
fall -0.03 -0.30 0.59 -0.23 0.23 0,41 
-0.18 -0.33 0.80 -0.38 0.37 0.51 
Plant density 0.53 -0.20 -0.27 0.25 -0.11 0.01 
0.76 -0.21 -0.39 0.38 -0.18 -0.02 
Leaf shape -0,48 -0.01 0.01 -0.03 0.17 -0.48 
-0.62 0.04 0.02 -0.04 0.21 -0.81 
^Phenotypic correlation. 
^Genotypic correlation. 
progenies (upper diagonal) and FS^^ progenies (lower diagonal) 
Plant width Growth habit Plant 
density 
Leaf 
shape Summer Fall Summer Fall 
-0.93* -0.25 0.78 0.48 0.06 0.86 
0.79 0.14 -0.43 -0.04 -0.18 -0.63 
1.13 -0.15 -0.55 — -0.20 -1.30 
-0.20 0.02 -0.15 -0.54 -0.05 0.06 
-0.08 0.18 -0.61 -0.76 -0.09 0.16 
0.09 -0.25 -0.46 -0.69 -0.30 -0.19 
0.17 -0.45 -1.03 
-1.22 -0.49 -0.33 
-0.18 -0.29 0.68 0.88* -0.45 0.42 
-0.35 -0.44 1.11 1.05 -0.55 0.49 
-0.39 -0.02 0.76 0.88* 0.03 0.52 
-0.48 0.06 1.13 0.97 0.03 0.55 
0.56 -0.84 -0.59 0.17 0.96** 
0.56 -0.94 -0.64 0.20 -1.15 
0.81** -0.52 -0.49 0.81 -0.66 
0,90 -0.57 -0.46 0.98 -0.84 
-0.91** -0.82** 0.91* -0.34 0.94* 
-1.09 -1.09 0.97 -0.51 1.37 
-0.59 -0.67* 0.78* -0.35 0.76 
-0.68 -0.69 1.00 -0.39 0.87 
0.43 0.43 -0.42 -0.44 -0.36 
0.62 0.59 -0.75 -0.62 -0.39 
-0.09 -0.44 0.13 0.01 -0.59 
-0.09 -•0.60 0.18 -0.00 -0.72 
92 
Table 31. Phenotypic and genotypic correlations of all agronomic characteristics for the p 
Experiment 2 (S^ population) 
Spring Days to Seed Plant height 
visor Yield flower production Summer Fall Su 
Spring vigor 0.16* 0.12 -0.07 -0.49 -0.52 -0 
3.73 — -0.27 -0.74 -0.88 -0 
Yield -0.90 0.05 -0.21 -0.46 -0.45 -0, 
-0.91 0.57 -0.69 -2.39 -1.93 -2. 
Days to flower 0.86 -0.69 0.66 0.07 0.01 -0. 
0.90 -0.73 0.78 0.25 0.07 -0. 
Seed production 0.88 -0.58 0.74 0.05 0.21 0. 
1.97 -1.41 1.74 0.07 0.21 0. 
Plant height, summer -0. 93 0, ,70 -0. 96* -0. 90 0. 91** 0. 
-0. 98 0, .73 -1. ,00 -2. ,14 1. 10 0. 
fall -0. 87 0. ,56 -0. 89 -0. ,96* 0. 97* 0. 
-0. 99 0. 58 -1. 00 -2. 76 1. 11 0. 
Plant width, summer -0. 93 0. 93 -0. 91 -0, .68 0. 88 0. ,75 
-0. 96 0. 98 -0. 94 -1. 60 0. 91 0. ,88 
fall -0. 89 0. 99** -0. 68 -0. 57 0. 69 0. ,55 0.1 
-0. 91 1. 04 -0. 70 -1. 36 0. 72 0. ,58 0.! 
Growth habit, summer 0. 80 -0. 80 0. ,94 0. 53 -0. 83 -0, ,69 -0.5 
0. 83 -0. ,84 0. .98 1. 21 -0. 89 -0. ,81 -o.( 
fall 0. 69 -0. 92 0. 36 0. 33 -0. 38 -0. ,24 -0.1 
0. 72 -1. ,03 0. 38 0. 68 -0. 42 -0. 33 -0.7 
Plant density -0. 44 0, ,60 -0. ,68 -0, .06 0. 46 0. ,27 0.7 
-0. 53 0, ,80 -0. ,86 -0. 08 0. 58 0. ,35 0.9 
Leaf shape 0. 26 0. ,17 0, ,52 0. 60 -0. 58 -0. ,71 -0.1 
0. 32 0, ,14 0, ,65 1. 55 -0. 72 -1. 03 -0.1 
^Phenotypic correlation. 
^Genotypic correlation. 
characteristics for the progenies (upper diagonal) and progenies (lower diagonal) in 
Plant height Plant width Growth habit Plant Leaf 
in Summer Fall Summer Fall Summer Fall density shape 
-0.49 -0.52 -0.65 -0.40 0.51 -0.12 -0.42 -0.27 
-0.74 -0.88 -0.80 -0.33 0.64 -0.37 -0.91 -0.58 
-0.46 -0.45 -0.47 0.41 0.40 -0.56 -0.39 0.06 
-2.39 -1.93 -2.66 0.43 3.12 -1.43 -0.94 -0.36 
0.07 0.01 -0.26 -0.07 0.27 -0.07 0.02 0.34 
0.25 0.07 -0.18 0.00 0.22 -0.08 0.01 0.49 
0.05 0.21 0.27 0.17 -0.20 -0.01 0.69* -0.06 
0.07 0.21 0.39 0.21 -0.40 -0.04 0.81 -0.09 
0.91** 0.26 -0.06 -0.02 0.72* 0.33 0.35 
1.10 0.10 -0.20 0.09 0.92 0.44 0.46 
0.97* 0.27 -0.08 0.01 0.81** 0.54 0.11 
.1.11 0.33 -0.18 0.04 0.86 0.60 0.08 
0.88 0.75 0.57 -0.93** -0.12 0.72* -0.14 
0.91 0.88 0.57 -1.19 -0.07 0.97 -0.17 
0.69 0.55 0.92 -0.51 -0.64 0.41 -0.12 
0.72 0.58 0.95 -0.60 -0.65 0.47 -0.19 
-0.83 -0.69 -0.95* -0.79 0.31 -0.56 0.00 
-0.89 -0.81 -0.98 -0.82 0.23 -0.95 -0.07 
-0.38 -0.24 -0.71 -0.93 0.54 0.18 0.09 
-0.42 -0.33 -0.74 -0.95 0.55 0.22 0.09 
0.46 0.27 0.73 0.60 -0.87 -0.43 -0.29 
0.58 0.35 0.91 0.71 -1.08 -0.50 -0.30 
-0.58 -0.71 -0.14 0.19 0.21 -0.51 0.08 
-0.72 -1.03 -0.16 0.23 0.24 -0.62 0.20 
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DISCUSSION 
A marked reduction in seed set was observed when self-fertilization 
was continued for one or more generations. Also the number of plants which 
were self-incompatible and/or self-sterile increased with inbreeding. 
Studies by Tysdal e_t £l. (1942), Skory (1947), Wilsie (1958b), Koffman 
(1959) and Lantican (1961) have shown similar results. The segregation 
of fertility factors per se was apparently occurring with inbreeding which 
allowed a considerable range in self-fertility to be observed, particular­
ly in the generation. However by the second generation of selfing 
(Sg), the level of self-fertility was quite low and the range was rather 
small. 
The first generation of sib-mating maintained the same level of 
cross-fertility as the SQ parental clones in the SQ population, while 
an increase in cross-fertility was observed with the sib^-matings in 
the S^ population. However with the second generation of sib-mating, a 
rather marked reduction in cross-fertility was observed for both popula­
tions even though the degree of inbreeding was small. 
Since alfalfa is assumed to be an autotetraploid, the approach 
toward homozygosis is slower than in a diploid. Bartlett and Ha Idane 
(1934) have estimated that selfing in a tetraploid must be practiced for 
3.8 generations, as compared to one generation in a diploid, in order to 
reach 50 per cent homozygosis. Therefore, theoretically, the decrease 
in fertility should be much slower than normally expected in a diploid. 
It is evident from these results that the decrease in cross- and sib-
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fertility does not agree very closely with the computed coefficients of 
inbreeding. Apparently some other genetic phenomenon or phenomena were 
operative which caused the rapid reduction in fertility. 
Double reduction, as described by Burnham (1962), could cause a 
higher degree of inbreeding than normally would be expected. One 
assumption made for this study was that a = 0, however if inbreeding 
coefficients are computed using a = 1/6, F increases from 0.167 to 0.222 
for one generation of selfing. In order to realize a value of 1/6, 
quadrivalents would have to occur in every cell, however Atwood and Grun 
(1951) found an average of only 0.62 quadrivalents per cell with 60 per 
cent of the cells having none. The low frequency of quadrivalents reduces 
the probability of double reduction to near zero and supports the assump­
tion of a = 0 made for this study. Therefore, this meiotic variable is 
unlikely to have caused the rapid reduction in fertility observed upon 
inbreeding. 
Cooper and Brink (1940) and Sayers and Murphy (1966) have found that 
the two main factors controlling the differential self- and cross-fertility 
among alfalfa clones were the frequency of fertilization and the inci­
dence of ovule abortion. Cooper and Brink have referred to these factors 
as partial self-incompatibility and somataplastic sterility, respectively. 
Frequency of fertilization appeared to be controlled by (1) the number 
of pollen tubes gaining entry into the ovaries, (2) the depth of pollen 
tube penetration in the ovaries, and (3) the frequency with which pollen 
tubes entered the ovules. The first two factors varied considerably 
with both selfing and crossing; however, the third factor, frequency 
with which pollen tubes entered ovules, appeared to be most important 
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in reducing the frequency of fertilization following selfing (Sayers and 
Murphy, 1966). 
Cooper and Brink (1940) found that 98 per cent of the difference 
between potential and actual fertility, following self-pollination, and 
about 67 per cent following cross-pollination were accounted for by 
frequency of fertilization and ovule abortion. Utilizing the values 
reported by these investigators, similar calculations were made in the 
present study. These two factors accounted for 93 to 100 per cent of 
the differences between potential and actual self-fertility. Forty-
two to 51 per cent of the difference in cross-fertility also was accounted 
for by these two factors. Cooper and Brink's determinations were made 
from seven unrelated plants, therefore this may cause some bias in 
the present results since the calculations were made for several levels 
of inbreeding. A determination of per cent fertile and aborted ovules 
within each level of inbreeding would allow for a more accurate compari­
son. 
The genetics and the relationship of the incompatibility and ovule 
abortion systems are unknown. However by superimposing such systems 
upon a normal fertility system, the results are evident. In alfalfa the 
interaction of these systems could cause a considerable reduction in 
seed set with both crossing and selfing, but more particularly with 
selfing. Therefore, with inbreeding it appears that there is an accumula­
tion of factors which determine the incompatible relationships for both 
crossing and selfing. With only one generation of inbreeding, it appears 
that this accumulation is rather rapid. 
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Other factors which may be contributing to the loss of fertility 
upon inbreeding are a decrease in ovule number, a decrease in the 
quantity and/or quality of pollen, and a decrease in length of pollen 
tubes. Barnes and Cleveland (1963a) have reported on the inheritance 
of ovule number in diploid alfalfa, and also have suggested that pollen 
tube growth is under genetic control (Barnes and Cleveland, 1963b). 
The effects of inbreeding in tetraploid alfalfa upon these characteris­
tics is unknown; however, selection for increased ovule number and 
pollen tube length may increase seed set. 
The positive relationships found between self-fertility and cross-
and sib-fertility are in general agreement with the results of McAllister 
(1950), Wilsie (1951) and Lantican (1961). This positive association 
plus the relative high heritabilities for these two characteristics 
suggest that improvement could be made with selection. It also appears 
that selection could be conducted simultaneously for both characteris­
tics, or separately, depending upon the objectives of the breeder. 
Because of the rapid reduction in fertility observed upon inbreeding, a 
rather large population of plants would be desirable for such a breeding 
scheme. The effects of incompatibility and ovule abortion upon this 
type of breeding scheme are unknown; however, such a study may be of 
considerable value since seed production is an important characteristic 
in the production of alfalfa varieties. 
In general, the average reciprocal differences for cross- and 
sib-fertility were not significant in this study; however, certain 
crosses in both the and population differed considerably depending 
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on which plant was used as the female and which was used as the male. 
Similarly, reciprocal differences in cross-fertility have been reported 
by Whitehead and Davis (1954), Lantican (1961) and Rotar and Kehr (1963). 
Whitehead and Davis have postulated that such differences were probably 
due to certain factors conditioning female fertility irrespective of 
male fertility. The plants involved in these specific crosses may have 
differed in the number of highly functional ovules formed. Therefore 
for certain crosses, the order of pairing becomes important if maximum 
seed set is to be obtained. 
An important comparison in the present study was sib-mating versus 
selfing. In both populations, the sib-fertility of the and FS^ clones 
was approximately twice the self-fertility of the same clones. From 
the F^ clones, the FS^ clones and the F^ plants were obtained by sib-
mating and selfing, respectively. Therefore, the comparison of the 
sib-fertility of the FS^ clones and the self-fertility of the F^ plants 
affords additional information as to the effects of sib-mating versus 
selfing. The FS^ clones were much higher in fertility than the F g 
plants. Therefore, in general, sib-mating maintains a much higher level 
of fertility than selfing. The investigations by Lantican (1961) have 
shown similar results. Lantican reported that restoration or mainten­
ance of fertility following sib-mating was dependent on the following 
assumptions. As a result of selfing, plants become more homozygous for 
the genetic factors associated with the expression of self-incompati­
bility. However with sib-mating, the plants are undoubtedly still hetero­
zygous for many factors so that many of the "self-sterile" plants, with 
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the operation of complementary and modifying factors, would still be 
capable of producing seed when cross-pollinated by compatible sibs from 
the same population. 
The effects of inbreeding on the various agronomic characteristics 
studied were quite variable. The decrease in spring vigor, yield, and 
seed production was much greater than the decrease in plant height and 
width and the increase in flowering time. Inbreeding appeared to have 
no effect on plant density and leaf shape. The reduction in yield upon 
inbreeding found in the present study is similar to previous reports by 
Tysdal et ai. (1942), Kirk (1927, 1932), Sandal (1946), Wilsie (1958b), 
Koffman and Wilsie (1961) and Busbice and Wilsie (1966c). Similar reduc­
tions in seed production also have been shown by Tysdal e^ al. (1942), 
Fyfe (1957) and Wilsie (1958b). 
Busbice and Wilsie (1966c) have postulated the presence of multiple 
allelic series at many loci in alfalfa as a basis for the rapid loss of 
vigor observed upon inbreeding. These multiple allelic series assure 
a high degree of heterozygosity at loci with three or four different 
alleles, and upon inbreeding, the frequencies of these highly heterozy­
gous loci are rapidly diminished. They also postulated three possible 
types of allelic interactions at a locus. The first, second and third 
order interactions involve two, three and four alleles at a locus, 
respectively. Therefore, the tetragenic locus is capable of six first 
order interactions, four second order interactions, and one third order 
interaction; the trigenic locus three first order interactions, and one 
second order interaction; the duplex and simplex loci can produce one first 
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order interaction each. The loss of first order interactions from 
trigenic and tetragenic loci is quite rapid. 
In the present study, the data from six agronomic characteristics, 
which are considered important to alfalfa breeders, were superimposed 
upon the theoretical loss of îirst order interactions, with inbreeding, 
as calculated by Busbice and Wilsie (1966c). The comparisons of the 
actual and theoretical data are presented in Figures 7, 8 and 9. In the 
construction of Figures 7, 8 and 9, the various levels of inbreeding in 
Experiment 1 and 2 were combined. The decrease in yield is similar to 
the loss of first order interactions at a trigenic locus. Therefore, the 
yield data in the present study support the hypothesis of Busbice and 
Wilsie in that forage yield is controlled primarily by a series of tri­
genic and tetragenic loci. 
The reduction in spring vigor with inbreeding was similar to yield; 
therefore, the presence of a multiple allelic series at those loci con­
trolling spring vigor is suggested. Such a response for these two 
agronomic characteristics may be expected however, since a rather high 
genotypic association was observed for the two characteristics among all 
progenies. 
The reduction in plant height, plant width and earliness (days to 
flower) with inbreeding was much less than that observed for yield and 
spring vigor (Figures 8 and 9). The results may suggest that these 
characteristics are not as complex in the nature of their inheritance 
as yield and spring vigor. 
The reduction in seed production with inbreeding was greater than that 
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found for the other agronomic characteristics. Therefore these results 
lend additional support to the hypothesis that an incompatibility system 
is present in alfalfa, and with inbreeding the accumulation of these 
incompatible factors is very rapid. This does not exclude the possi­
bility that multiple allelic series are also present at the fertility 
loci; however, such a series per se, could not account for the observed 
reduction in seed production. Theoretically, the decrease in seed produc­
tion may be greater than that observed as the degree of inbreeding increased 
(Figure 9). In order to include progenies in the experiments, adequate 
seed was necessary, and the progenies which were used tended to be high 
in fertility. Therefore, seed production in the S^, and progenies 
was better than the average of the population from which they were chosen. 
Lantican (1961) suggested the use of sib-mating in an inbreeding 
program as a means of avoiding sterilities encountered by continued 
selfing. Also, he stressed the need of highly fertile plants as source 
material. Such a scheme appears to have limited possibilities. In 
the present study, a considerable reduction in sib-fertility was noted 
in the second generation of sib-mating; however, certain crosses appeared 
to be rather fertile. 
Sib-mating and selection for high sib-fertility probably could be 
continued for a few subsequent generations. Since sib-mating is a 
rather slow form of inbreeding in a tetraploid, and fertility is reduced 
rather rapidly, it is doubtful that completely inbred lines could be 
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obtained. However, with this form of inbreeding partially inbred lines 
may be obtained which are rather fertile and vigorous. Wexelsen (1952) 
has suggested that in certain characteristics of forage species, such as 
disease resistance and chemical content, genetic uniformity is desirable 
and selection in inbred material may prove to be an effective method. 
Under these conditions inbreeding by sib-mating may be of value. 
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SUMMARY AND CONCLUSIONS 
A study was undertaken to determine the effects of inbreeding by 
sib-mating and selfing on fertility and certain agronomic characteristics 
of alfalfa. Approximately 100 plants in each of two populations (SQ and 
Sj^) were used as source material. Seed setting ability under the two 
systems of mating was expressed as the number of seeds per flower selfed 
or crossed. Agronomic data were obtained from field experiments which 
contained the various levels of inbreeding obtained in each population. 
1. Sib-fertility between clones originating from SQ X S^ crosses 
was equal to the cross-fertility of the SQ clones, while the sib-fertility 
between clones originating from S^ x S^^ crosses was superior to the 
cross-fertility of the S^ clones. However, in the second generation of 
sib-mating (FS^ x FS^), a marked reduction in sib-fertility was observed 
for both populations even though the degree of inbreeding was small. 
2, With the exception of the sibg-crosses in the S^ population, 
the analyses of variance for the sib-crosses within each population 
showed significant differences in seed set among crosses and among 
families. There was a wide range of variation in sib-fertility among 
the sib^-crosses, but with the second generation of sib-mating (sibg-
crosses) , the range of variation was reduced considerably. Factors for 
fertility were segregating in both generations of sib-mating; however, 
in the second generation, the reduced range of variation was probably 
due to the accumulation of sib-incompatibility factors. Also, in some 
instances reciprocal crosses differed significantly in fertility. 
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3. As the degree of inbreeding increased, a marked reduction in 
self-fertility was observed in both the and populations. This 
observed reduction per generation was always greater than 50 per cent. 
4. Analyses of variance for self-fertility of the S^, S^, and 
FS^ clones in both populations showed considerable variation (1 per cent 
level). However as inbreeding was continued to the and generations, 
a drastic reduction in the range of self-fertility was observed. The 
accumulation of incompatibility factors following inbreeding appeared to 
be quite rapid. 
5. In both populations, sib-fertility was approximately twice as 
great as self-fertility for any generation. The slower form of inbreed­
ing (sib-mating) appeared to have maintained a greater level of heterozy­
gosity for fertility and incompatibility factors than did selfing. 
6. Correlations of self-fertility with cross- and sib-fertility 
were statistically significant either at the 5 or 1 per cent level. 
Heritability estimates of cross-, sib-, and self-fertility also were 
relatively large. Therefore, since fertility appears to be a fairly 
heritable characteristic, selection for increased seed set may be 
beneficial, particularly in the commercial production of alfalfa varie­
ties. 
7. The effects of inbreeding on the various agronomic characteris­
tics were quite variable. There was a decrease in spring vigor, yield, 
seed production, plant height and plant width. Inbreeding also caused 
lateness in flowering, and a more erect growth habit. No effect was 
observed for plant density and leaf shape. 
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8. The analyses of variance for agronomic characteristics showed 
considerable variation among the various progenies (1 per cent level). 
Variances among progenies increased with the degree of inbreeding. 
In general, in the population, the performance of the progenies 
was about equal to the performance of the parental SQ progenies; however, 
in the population, the performance of the progenies was generally 
superior to that of the parental progeny. Inbreeding depression was 
observed with both sib-mated and selfed progenies; however, the decrease 
was greater with selfing. 
9. The decrease in yield and spring vigor with inbreeding is similar 
to the theoretical loss of first order interactions at the trigenic and 
tetragenic loci as reported by Busbice and Wilsie (1966c). The present 
data also suggested that plant height, plant width, and days to flower 
are not as complex in the nature of their inheritance as yield and 
spring vigor. 
10. Sib-mating, with selection for fertility and vigor, probably 
could be continued for a few subsequent generations. Since sib-mating 
is a rather slow form of inbreeding in a tetraploid, and fertility is 
reduced rather rapidly, it is doubtful that completely inbred lines could 
be obtained. However, with this form of inbreeding, partially inbred 
lines may be obtained which may be of value in an alfalfa breeding program. 
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Table 32. Cross-fertility of the SQ clones (two propagules per clone) 
from the population, winter 1963-64 
Total Total 
flowers seeds Fertility index 
Cross crossed set Clonal^ Familyb 
A30-100 X 101 59 77 1.205 
A30-101 X 100 68 198 2.768 1.987 
A30-102 X 103 53 129 2.411 
A30-103 X 102 47 86 1.794 2.102 
A30-104 X 105 29 33 1.104 
A30-105 X 104 27 95 3.281 2.192 
A30-106 X 107 38 119 3.186 
A30-107 X 106 35 99 2.824 3.005 
A30-108 X 109 64 218 3.431 
A30-109 X 108 52 159 3.058 3.244 
A30-112 X 113 39 78 2.170 
A30-113 X 112 41 89 2.784 2.477 
A30-114 X 115 50 38 0.618 
A30-115 X 114 32 25 0.694 0.656 
A30-116 X 117 18 25 1.344 
A30-117 X 116 18 13 0.591 0.968 
A30-118 X 119 59 91 1.500 
A30-119 X 118 44 69 2.107 1.803 
A30-120 X 121 23 105 4.980 
A30-121 X 120 29 52 1.870 3.425 
A30-122 X 123 43 37 0.818 
A30-123 X 122 36 62 1.716 1.266 
A30-124 X 125 55 135 2.704 
A30-125 X 124 41 122 3.312 3.008 
^Mean of two propagules. 
^Mean of two clones. 
Table 32. (Continued) 
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Total Total 
flowers seeds Fertility index 
Cross crossed set Clona1 Family 
A30-126 X 127 32 85 2.475 
A30-127 X 126 32 104 3.298 2.886 
A30-128 X 129 18 47 2.725 
A30-129 X 128 15 35 2.150 2.438 
A30-130 X 131 34 93 3.232 
A30-131 X 130 35 190 5.895 4.564 
A30-132 X 133 34 91 2.404 
A30-133 X 132 26 13 0.522 1.463 
A30-134 X 135 30 132 4.389 
A30-135 X 134 25 35 1.434 2.911 
A30-136 X 137 61 278 4.714 
A30-137 X 136 50 192 3.882 4.298 
A30-138 X 139 51 56 0.864 
A30-139 X 138 40 9 0.284 0.574 
A30-140 X 141 16 29 1.896 
A30-141 X 140 14 28 1.979 1.938 
A30-142 X 143 22 64 2.906 
A30-143 X 142 15 29 1.875 2.390 
A30-144 X 145 54 87 1.180 
A30-145 X 144 47 27 0.766 0.973 
A30-146 X 147 42 83 1.958 
A30-147 X 146 43 114 3.000 2.479 
A30-148 X 149 31 157 5.736 
A30-149 X 148 34 26 1.231 3.484 
A30-152 X 153 18 94 5.222^ 
A30-153 X 152 14 9 0.643= 2.932 
A30-154 X 155 39 156 3.813 
A30-155 X 154 41 176 4.342 4.078 
^Fertility index based on one propagule. 
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Table 32. (Continued) 
Total Total 
flowers seeds Fertility index 
Cross crossed set C lona 1 Fami ly 
A30-156 X 157 29 40 1.030 
A30-157 X 156 25 35 1.460 1.245 
A30-158 X 159 32 51 1.189 
A30-159 X 158 36 108 2.956 2.072 
A30-160 X 161 13 74 5.536 
A30-161 X 160 10 49 4.708 5.122 
A30-162 X 163 23 76 3.411 
A30-163 X 162 25 56 2,728 3.070 
A30-164 X 165 23 85 3.372 
A30-165 X 164 27 78 1.927 2.650 
A30-166 X 167 43 116 2,646 
A30-167 X 166 44 127 2.882 2.764 
A30-168 X 169 41 38 0.674 
A30-169 X 168 53 21 0.398 0.536 
A30-170 X 171 23 61 2.558 
A30-171 X 170 31 53 1.664 2.112 
A30-172 X 173 26 98 3.248 
A30-173 X 172 32 58 1.820 2.534 
A30-174 X 175 36 12 0.324 
A30-175 X 164 33 167 5.052 2.688 
A30-176 X 177 41 10 0.242 
A30-177 X 176 37 130 3.563 1.902 
A30-178 X 179 25 116 4.625 
A30-179 X 178 24 73 3.084 3.854 
A30-180 X 181 97 184 2.018 
A30-181 X 180 70 112 1.454 1.736 
A30-182 X 183 20 97 4.274 
A30-183 X 182 28 90 2.979 3.626 
A30-184 X 185 33 95 2.662 
A30-185 X 184 37 145 3.882 3.272 
Table 32. (Continued) 
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Total Total 
flowers seeds Fertility index 
Cross crossed set Clonal Family 
A30-186 X 187 48 0 0.000 
A30-187 X 186 58 260 3.535 1.768 
A30-188 X 189 16 47 3.056 
A30-189 X 188 17 66 3.871 3.463 
A30-190 X 191 16 45 2.816 
A30-191 X 190 10 66 6.500 4.658 
A30-192 X 193 32 140 4.375 
A30-193 X 192 26 109 4.192 4.284 
A30-194 X 195 35 177 5.142 
A30-195 X 194 38 116 2.823 3.983 
A30-196 X 197 44 94 1.307 
A30-197 X 196 35 53 1.716 1.512 
A30-198 X 199 50 102 2.242 
A30-199 X 198 48 94 2.074 2.158 
Grand total 3403 8417 
Grand mean 2.591 
L.S.D. (.05) 2.280 1.613 
(.01) 3.028 2.141 
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Table 33. Sib-fertility of the clones (two propagules per clone) 
from the SQ population, winter 1964-65 
Sib-cross 
Total 
flowers 
crossed 
Total 
seeds 
set 
Fertility index 
Clonal® Familyb 
A44-100-8 X 100-9 23 51 2.193 
A44-100-9 X 100-8 26 30 1.154 1.673 
A44-102-8 X 102-5 51 151 2.916 
A44-102-5 X 102-8 30 41 1.140 2.028 
A44-104-5 X 104-10 40 47 1.220 
A44-104-10 X 104-5 39 124 3.071 2.146 
A44-106-2 X 106-9 50 173 3.448 
A44-106-9 X 106-2 44 118 2.690 3.069 
A44-108-10 X 108-7 16 37 2.250 
A44-108-J X 108-10 17 54 3.153 2.702 
A44-112-5 X 112-4 21 68 3.357 
A44-112-4 X 112-5 24 53 1.875 2.616 
A44-114-6 X 114-9 17 39 2.625 
A44-114-9 X 114-6 17 68 3.308 2.966 
A44-116-3 X 116-4 17 44 2.588^ 
A44-116-4 X 116-3 12 13 1.083^ 1.836 
A44-118-2 X 118-1 11 30 2.784 
A44-118-1 X 118-2 19 37 2.150 2.467 
A44-120-4 X 120-2 52 236 4.514 
A44-120-2 X 120-4 43 118 2.921 3.717 
A44-122-8 X 122-1 16 47 2.916 
A44-122-1 X 122-8 19 4 0.216 1.566 
A44-124-8 X 124-1 38 153 4.658 
A44-124-1 X 124-8 35 128 2.884 3.771 
^Mean of two propagules. 
^Mean of two clones. 
'^Fertility index based on one propagule. 
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Table 33. (Continued) 
Total 
flowers 
Sib-cross crossed 
A44-126-6 X 126-4 16 
A44-126-4 X 126-6 21 
A44-128-5 X 128-1 15 
A44-128-1 X 128-5 15 
A44-130-5 X 130-10 49 
A44-130-10 X 130-5 45 
A44-132-7 X 132-9 69 
A44-132-9 X 132-7 67 
A44-134-1 X 134-2 52 
A44-134-2 X 134-1 53 
A44-136-10 X 136-9 16 
A44-136-9 X 136-10 19 
A44-138-8 X 138-10 28 
A44-138-10 X 138-8 19 
A44-144-4 X 144-6 8 
A44-144-6 X 144-4 7 
A44-146-1 X 146-9 19 
A44-146-9 X 146-1 15 
A44-148-8 X 148-3 27 
A44-148-3 X 148-8 32 
A44-154-3 X 154-10 16 
A44-154-10 X 154-3 16 
A44-158-9 X 158-7 36 
A44-158-7 X 158-9 35 
A44-160-5 X 160-1 6 
A44-160-1 X 160-5 7 
A44-162-5 X 162-2 19 
A44-162-2 X 162-5 15 
A44-164-7 X 164-2 36 
A44-164-2 X 164-7 32 
Total 
seeds Fertility index 
set C lona 1 Fami ly 
33 1.526 
58 2.868 2.197 
54 3.584 
33 2.232 2.908 
215 4.386 
193 4.235 4.311 
206 3.032 
118 1.912 2.472 
334 6.357 
213 4.114 5.235 
85 5.230 
63 3.466 4.348 
44 1.594 
25 1.322 1.458 
39 4.875^ 
5 0.714^ 2.794 
29 1.488 
23 1.580 1.534 
38 1.406 
35 1.054 1.230 
44 2.794 
34 1.866 2.330 
31 0.878 
111 3.199 2.038 
15 2.500^ 
15 2.143^ 2.322 
107 5.364 
64 3.864 4.614 
210 5.880 
190 5.708 5.794 
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Table 33. (Continued) 
Total Total 
flowers seeds Fertility index 
Sib-cross crossed set Clonal Family 
A44-166-1 X 166-8 10 25 2.688 
A44-166-8 X 166-1 17 33 2.568 2.628 
A44-170-8 X 170-7 16 60 3.952 
A44-170-7 X 170-8 15 26 1.714 2.833 
A44-172-2 X 172-6 19 74 3.295 
A44-172-6 X 172-2 12 53 4.557 3.926 
A44-174-2 X 174-5 39 151 3.617 
A44-174-5 X 174-2 38 164 4.306 3.961 
A44-176-6 X 176-3 49 93 1.858 
A44-176-3 X 176-6 51 114 1.954 1.906 
A44-178-5 X 178-6 15 29 1.666 
A44-178-6 X 178-5 16 62 4.416 3.042 
A44-180-3 X 180-5 36 65 1.608 
A44-180-5 X 180-3 35 31 1.262 1.435 
A44-182-3 X 182-6 69 320 4.762 
A44-182-6 X 182-3 62 320 5.308 5.035 
A44-184-4 X 184-6 58 138 2.146 
A44-184-6 X 184-4 52 111 2.193 2.170 
A44-186-4 X 186-10 18 11 0.552 
A44-186^0_x 186-4 21 17 0.806 0.679 
A44-188-1 X 188-8 31 126 2.900 
A44-188-8 X 188-1 21 46 2.469 2.684 
A44-190-10 X 190-1 40 158 3.990 
A44-190-1 X 190-10 45 191 4.302 4.146 
A44-192-7 X 192-5 54 191 3.564 
A44-192-5 X 192-7 65 222 3.484 3.524 
A44-194-1 X 194-8 33 108 3.238 
A44-194-8 X 194-1 43 119 2.790 3.014 
A44-196-8 X 196-2 47 110 2.140 
A44-196-2 X 196-8 40 50 1.278 1.709 
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Table 33. (Continued) 
Total Total 
flowers seeds Fertility index 
Sib-cross crossed set Clonal Family 
A44-198-5 X 198-3 20 44 2.292 
A44-198-3 X 198-5 18 42 2.194 2.243 
Grand total 2592 7832 
Grand mean 2.834 
L.S.D. (.05) 2.031 1.436 
(.01) 2.694 1..905 
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Table 34. Sib-fertility of the FS^ clones (two propagules per clone) 
from the SQ population, winter 1965-66 
Total Total 
flowers seeds Fertility index 
Sib-cross crossed set Clonal^ Family^ 
A52-100-8 X 100-4 21 3 0.200 
A52-100-4 X 100-8 14 0 0.000 0.100 
A52-102-6 X 102-1 40 68 1.700 
A52-102-1 X 102-6 40 65 1.625 1.662 
A52-104-8 X 104-9 40 36 0.900 
A52-104-9 X 104-8 40 25 0.625 0.762 
A52-106-4 X 106-3 40 42 1.050 
A52-106-3 X 106-4 39 42 1.068 1.059 
A52-108-7 X 108-4 36 42 1.212 
A52-108-4 X 108-7 40 71 1.775 1.494 
A52-112-2 X 112-7 27 15 0.746 
A52-112-7 X 112-2 27 23 0.900 0.823 
A52-114-10 X 114-7 34 1 0.025 
A52-114-7 X 114-10 33 0 0.000 0.012 
A52-116-8 X 116-10 40 40 1.000 
A52-116-10 X 116-8 37 19 0.541 0.770 
A52-118-7 X 118-5 20 7 0.350f 
A52-118-5 X 118-7 19 3 0.158^ 0.254 
A52-120-3 X 120-4 40 57 1.425 
A52-120-4 X 120-3 40 29 0.725 1.075 
A52-122-2 X 122-6 40 32 0.800 
A52-122-5 X 122-2 40 82 2.050 1.425 
A52-124-1 X 124-7 38 69 1.784 
A52-124-7 X 124-1 38 44 1.150 1.467 
A52-126-9 X 126-4 12 3 0.250f 
A52-126-4 X 126-9 8 0 o.oocf 0.125 
^Mean of two propagules. 
Mean of two clones. 
'^Fertility index based on one propagule. 
128 
Table 34. (Continued) 
Total Total 
flowers seeds Fertility index 
Sib-cross crossed set C lona 1 Family 
A52-128-8 X 128-1 40 
A52-128-1 X 128-8 40 
A52-130-10 X 130-1 35 
A52-130-1 X 130-10 40 
A52-132-7 X 132-4 40 
A52-132-4 X 132-7 40 
A52-134-1 X 134-2 40 
A52-134-2 X 134-1 43 
A52-136-6 X 136-7 40 
A52-136-7 X 136-6 40 
A52-138-10 X 138-3 40 
A52-138-3 X 138-10 40 
A52-144-7 X 144-10 39 
A52-144-10 X 144-6 39 
A52-146-9 X 146-3 31 
A52-146-3 X 146-9 30 
A52-148-2 X 148-1 33 
A52-148-1 X 148-2 26 
A52-154-9 X 154-5 12 
A52-154-5 X 154-9 13 
Â52-158-5 X 158-4 45 
A52-158-4 X 158-5 45 
A52-160-8 X 160-2 35 
A52-160-2 X 160-8 38 
A52-162-1 X 162-7 16 
A52-162-7 X 162-1 16 
A52-164-5 X 164-8 35 
A52-164-8 X 164-5 35 
A52-166-6 X 166-9 36 
A52-166-9 X 166-6 37 
2 0.050 
14 0.350 0.200 
11 0.358 
18 0,450 0.404 
45 1,125 
20 0.500 0.812 
64 1.600 
71 1.654 1.627 
29 0.725 
114 2.850 1.788 
2 0.050 
7 0.175 0.112 
34 0.863 
29 0.748 0.805 
17 0.538 
17 0.536 0.536 
11 0.364 
2 0.050 0.207 
17 ,1.417= 
19 1.462 1.440 
11 0.275 
11 0.240 0.258 
42 1.216 
57 1.470 1.343 
13 0.812 
23 1.354 1.083 
101 2.910 
87 2.340 2.625 
68 1.869 
28 0.735 1.302 
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Table 34. (Continued) 
Total Total 
flowers seeds Fertility index 
Sib-cross crossed set Clona1 Family 
A52-170-3 X 170-4 37 13 0.356 
A52-170-4 X 170-3 40 18 0.450 0.403 
A52-172-1 X 172-6 34 36 1.056 
A52-172-6 X 172-1 36 10 0.250 0.653 
A52-176-5 X 176-2 43 2 0.046 
A52-176-2 X 176-5 43 12 0.282 0.164 
A52-178-7 X 178-4 40 58 1.450 
A52-178-4 X 178-7 40 31 0.775 1.112 
A52-180-7 X 180-8 40 27 0.675 
A52-180-8 X 180-7 40 14 0.350 0.512 
A52-182-1 X 182-8 16 21 1.312= 
A52-182-8 X 182-1 20 28 1.400 1.356 
A52-184-1 X 184-3 33 22 0.644 
A52-184-3 X 184-1 36 8 0.219 0.432 
A52-186-5 X 186-7 40 26 0.650 
A52-186-7 X 186-5 40 1 0.025 0.338 
A52-188-7 X 188-4 40 45 1.125 
A52-188-4 X 188-7 40 52 1.300 1.212 
A52-190-3 X 190-2 25 68 1.925 
A52-190-2 X 190-3 22 37 1.512 1.718 
A52-192-1 X 192-6 40 35 0.875 
A52-192-6 X 192-1 40 64 1.600 1.238 
A52-196-2 X 196-8 36 15 0.431 
A52-196-8 X 196-2 36 25 0.706 0.568 
A52-198-4 X 198-2 40 33 0.834 
A52-198-2 X 198-4 44 8 0.188 0.510 
Grand total 2823 2511 
Grand mean 0.877 
L.S.D. (.05) 0.844 0.597 
(.01) 1.120 0.792 
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Table 35. Self-fertility of the SQ clones (two propagules per clone) 
from the SQ population, winter 1963-64 
Total Total 
flowers seeds Fertili 
Clone selfed set index^ 
A30-100 66 52 0.708 
A30-101 124 76 0.605 
A30-102 65 43 0.674 
A30-103 59 32 0.524 
A30-104 127 72 0.586 
A30-105 15 9 0.500 
A30-106 68 33 0.559 
A30-107 64 71 1.183 
A30-108 105 83 0.805 
A30-109 67 29 0.437 
A30-110 - — - ~ 
A30-111 29 4 0.129 
A30-112. 64 46 0.666 
A30-113 67 46 0.616 
A30-114 59 38 0.644 
A30-115 52 63 1.240 
A30-116 41 11 0.270 
A30-117 66 35 0.477 
A30-118 158 60 0.376 
A30-119 56 13 0.236 
A30-120 73 52 0.686 
A30-121 61 20 0.296 
A30-122 42 31 0.622 
A30-123 65 55 0.812 
A30-124 64 32 0.488 
A30-125 54 67 1.232 
A30-126 50 27 0.550 
A30-127 48 49 0.918 
A30-128 55 35 0.470 
A30-129 65 43 0.695 
A30-130 38 16 0.442 
A30-131 99 99 0.978 
A30-132 58 34 0.575 
A30-133 32 11 0.340 
A30-134 29 44 1.488 
A30-135 33 28 0.850 
A30-136 68 23 0.292 
A30-137 81 46 0.550 
A30-138 82 35 0.446 
^Mean of two propagules. 
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Table 35. (Continued) 
Total Total 
flowers seeds Fertilit; 
Clone selfed set index 
A30-139 24 15 0.664 
A30-140 43 60 1.296 
A30-141 65 14 0.168 
A30-142 50 3 0.125 
A30-143 - - — — - -
A30-144 49 16 0.391 
A30-145 77 80 1.004 
A30-146 55 35 0.644 
A30-147 92 108 1.164 
A30-148 40 59 1.750 
A30-149 123 30 0.246 
A30-150 66 76 1.009 
A30-151 79 65 0.795 
A30-152 89 153 1.696 
A30-153 32 41 1.281^ 
A30-154 21 33 1.571^ 
A30-155 48 15 0.310 
A30-156 69 62 0.962 
A30-157 81 26 0.342 
A30-158 23 2 0.088 
A30-159 57 44 0.858, 
A30-160 28 19 0.678 
A30-161 26 6 0.226 
A30-162 - - — - — — 
A30-163 33 52 1.500 
A30-164 55 72 1.513 
A30-165 - - — — — — 
A30-166 75 41 0.659 
A30-167 81 47 0.654 
A30-168 53 6 0.100 
A30-169 43 32 0.758 
A30-170 78 66 0.769 
A30-171 54 32 0.596 
A30-172 16 1 0.050 
A30-173 64 99 1.550 
A30-174 64 20 0.326 
A30-175 60 15 0.222. 
A30-176 79 9 0.114 
A30-177 43 44 1.031 
A30-178 41 35 0.875 
Fertility index based on one propagule. 
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Table 35. (Continued) 
Total Total 
flowers seeds Fertility 
Clone selfed set index 
A30-179 33 67 2.119 
A30-180 65 55 1.029 
A30-181 43 14 0.361 
A30-182 51 53 1.077 
A30-183 90 202 2.316 
A30-184 50 28 0.538 
A30-185 31 20 0.844 
A30-186 81 0 0.000 
A30-187 136 382 2.771 
A30-188 54 43 0.794 
A30-189 45 49 1.094 
A30-190 62 115 1.866 
A30-191 
A30-192 97 142 1.282 
A30-193 114 13 0.102 
A30-194 25 9 0.338 
A30-195 59 158 2.931 
A30-196 36 23 0.781 
A30-197 - - - -
A30-198 30 42 1.444 
A30-199 29 7 0.152 
Grand total 5696 4518 
Grand mean 0.782 
L.S.D. (.05) 0.674 
(.01) 0.895 
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Table 36. Self-fertility of the clones (two propagules per clone) 
from the population, winter 1964-65 
Total 
flowers 
Total 
seeds Fertility index 
Clone selfed set Clona1® Familyb 
A44-100-8 
A44-100-9 
222 
244 
163 
189 
0.751 
0.784 0.768 
A44-102-8 
A44-102-5 
178 
163 
44 
103 
0.248 
0.656 0.452 
A44-104-5 
A44-104-10 
67 
178 
125 
147 
1.870 
0.749 1.310 
A44-106-2 
A44-106-9 
212 
115 
111 
164 
0.522 
1.444 0.983 
A44-108-10 
A44-108-7 
97 
186 
91 
137 
0.940 
0.802 0.871 
A44-112-5 
A44-112-4 
147 
121 
127 
96 
0.890 
0.826 0.858 
A44-114-6 
A44-114-9 
198 
331 
171 
322 
0.820 
0.961 0.891 
A44-116-3 
A44-116-4 
54 
246 
76 
180 
1.407^ 
0.819 1.113 
A44-118-2 
A44-118-1 
195 
165 
66 
14 
0.307 
0.116 0.212 
A44-120-4 
A44-120-2 
166 
25 
104 
27 
0.640 
1.080 0.860 
A44-122-8 
A44-122-1 
183 
113 
293 
33 
1.030 
0.257 0.644 
^Mean of two propagules. 
^Mean 
c 
of two clones. 
'^Fertility index based on one propagule. 
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Table 36. (Continued) 
Total Total 
flowers seeds Fertility index 
Clone selfed set C lona 1 Family 
A44-124-8 51 25 0.492 
A44-124-1 158 283 1.882 1.187 
A44-126-6 186 87 0.494 
A44-126-4 90 50 0.558 0.526 
A44-128-5 91 67 0.761 
A44-128-1 106 116 1.104 0.932 
A44-130-5 162 235 1.530 
A44-130-10 72 90 1.232 1.381 
A44-132-7 126 292 1.930 
A44-132-9 117 70 0.520 1.225 
A44-134-1 138 543 3.809 
A44-134-2 100 84 0.846 2.328 
A44-136-10 214 241 1.127 
A44-136-9 211 390 1.852 1.489 
A44-138-8 359 378 1.056 
A44-138-10 342 648 1.883 1.470 
A44-140-7^ 50 82 1.537 
A44-140-4 — 1.537 
A44-144-4 47 24 0.511^ 
A44-144-6 179 171 0.970 0.740 
A44-146-1 104 64 0.603 
A44-146-9 83 21 0.282 0.442 
A44-148-8 317 142 0.403 
A44-148-3 217 127 0.535 0.469 
A44-152-10 — » W 
A44-152-6d 116 187 1.714 1.714 
A44-154-3 200 60 0.314 
A44-154-10 172 161 1.104 0.709 
^tlone not included in the statistical analysis. 
Table 36. (Continued) 
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Total Total 
flowers seeds Fertility index 
Clone selfed set Clonal Family 
A44-158-9 128 
A44-158-7 197 
A44-160-5 58 
A44-160-1 122 
A44-162-5 85 
A44-162-2 139 
A44-164-7 155 
A44-164-2 231 
A44-166-1 113 
A44-166-8 69 
A44-170-8 195 
A44-170-7 209 
A44-172-2 89 
A44-172-6 132 
A44-174-2 54 
A44-174-5 61 
A44-176-6 83 
A44-176-3 112 
A44-178-5 59 
A44-178-6 120 
A44-180-3 114 
A44-180-5 67 
A44-182-3 152 
A44-182-6 143 
A44-184-4 160 
A44-184-6 222 
A44-186-4 8 
A44-186-10 141 
A44-188-1 88 
A44-188-8 185 
64 0.622 
148 0.762 0.692 
38 1.000^ 
104 0.842 0.921 
220 2.696 
224 1.553 2.125 
98 0.604 
505 2.227 1.416 
164 1.496 
108 1.442 1.469 
142 0.838 
153 0.680 0.759 
131 1.434 
111 0.979 1.206 
26 0.484 
62 1.212 0.848 
74 0.832 
146 1.298 1.066 
35 0.630 
185 1.618 1.124 
33 0.319 
41 0.724 0.521 
412 2.632 
247 1.570 2.101 
78 0.338 
92 0.414 0.376 
8 1.000^ 
57 0.394 0.697 
113 0.966 
162 1.194 1.080 
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Table 36. (Continued) 
Total Total 
flowers seeds Fertility index 
Clone selfed set Clonal Family 
Â44-190-10 76 69 1.092 
A44-190-1 53 139 2.662 1.877 
A44-192-7 168 164 1.001 
A44-192-5 174 187 1.290 1.145 
A44-194-1 82 259 3.058 
A44-194-8 158 253 1.504 2.281 
A44-196-8 37 50 1.434 
A44-196-2 223 65 0.290 0.862 
A44-198-5 135 174 1.319 
A44-198-3 118 64 0.406 0.862 
Grand total 12,529 12,846 
Grand mean 1.055 
L.S.D. (.05) 0.587 0.415 
(.01) 0.778 0.550 
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Table 37. Self-fertility of the FS^ clones (two propagules per clone) 
from the population, winter 1965-66 
Clone 
Total 
flowers 
selfed 
Total 
seeds 
set 
Fertility index 
Clonal^ Familyb 
A52-100-8 101 0 0.000 
A52-100-4 121 7 0.055 0.028 
A52-102-6 107 25 0.231 
A52-102-1 124 33 0.268 0.250 
A52-104-8 146 61 0.418 
A52-104-9 135 65 0.488 0.453 
A52-106-4 118 64 0.542 
A52-106-3 122 133 1.058 0.800 
A52-108-7 116 16 0.128 
A52-108-4 122 81 0.660 0.394 
A52-112-2 116 34 0.293 
A52-112-7 89 31 0.342 0.318 
A52-114-10 133 4 0.031 
A52-114-7 146 7 0.067 0.049 
A52-116-8 110 70 0.636 
A52-116-10 93 35 0.384 0.510 
A52-118-7 78 6 O.O77C 
A52-118-5 95 0 0.000^ 0.038 
A52-120-3 136 142 0.977 
A52-120-4 92 11 0.122 0.550 
A52-122-2 161 53 0.320 
A52-122-6 224 63 0.282 0.301 
A52-124-1 124 35 0.262 
A52-124-7 112 43 0.384 0.323 
^Mean of two propagules. 
^Mean of two clones. 
'^Fertility index based on one propagule. 
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Table 37. (Continued) 
Clone 
Total 
flowers 
selfed 
Total 
seeds 
set 
Fertility index 
Clonal Family 
A52-126-9 
A52-126-4 
A52-128-8 
A52-128-1 
A52-130-10 
A52-130-1 
A52-132-7 
A52-132-4 
A52-134-1 
A52-134-2 
A52-136-6 
A52-136-7 
A52-138-10 
A52-138-3 
A52-144-6 
A52-144-10 
A52-146-9 
A52-146-3 
A52-148-2 
A52-148-1 
A52-154-9 
A52-154-5 
A52-158-5 
A52-158-4 
A52-160-8 
A52-150-2 
A52-162-1 
A52-162-7 
A52-164-5 
A52-164-8 
50 
74 
83 
114 
125 
147 
152 
128 
119 
116 
147 
115 
143 
148 
151 
94 
92 
67 
108 
88 
130 
65 
124 
105 
111 
96 
136 
72 
122 
116 
3 
26 
29 
52 
109 
83 
36 
10 
4 
186 
119 
174 
21 
73 
24 
37 
4 
0 
0 
28 
27 
100 
1 
20 
17 
97 
208 
138 
47 
94 
0.060^ 
0.270 
0.352 
0.455 
0.882 
0.426 
0.229 
0.078 
0.035 
1.599 
0.810 
1.514 
0.132 
0.519 
0.158 
0.472 
0.042 
0.000^ 
0.000 
0.290 
0.208 
1.538 
0.008 
0.184 
0.154 
1.020 
0.537 
1.660 
0.398 
0.831 
0.165 
0.403 
0.654 
0.153 
0.817 
1.162 
0.325 
0.315 , 
0.021 
0.145 
0.873 
0.096 
0.587 
1.098 
0.614 
Table 37. (Continued) 
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Total Total 
flowers seeds Fertility index 
Clone selfed set C lona 1 Family 
A52-166-6 128 60 0.478 
A52-166-9 121 171 1.456 0.966 
A52-170-3 101 90 0.911 
A52-170-4 140 2 0.016 0.464 
A52-172-1 112 64 0.566 
A52-172-6 97 25 0.255 0.411 
A52 —174-8 — - - - -
A52-174-10^ 91 75 0.826 0.826 
A52-176-5 62 4 0.104 
A52-176-2 144 37 0.239 0.171 
A52-178-7 117 107 0.892 
A52-178-4 174 136 0.789 0.841 
A52-18U-7 I'Ji) 42 0.392 
A52-180-8 106 11 0.101 0.246 
A52-182-1 150 133 0.930 
A52-182-8 104 54 0.534 0.732 
A52-184-1 114 15 0.130 
A52-184-3 133 48 0.359 0.244 
A52-186-5 129 12 0.100 
A52-186-7 124 8 0.062 0.081 
A52-188-7 137 85 0.609 
A52-188-4 114 55 0.483 0.546 
A52-190-3 115 240 2.100 
A52-190-2 112 104 0.917 1.508 
A52-192-1 105 37 0.429 
A52-192-6 161 62 0.384 0.407 
A52-194-2 123 171 1.388 
A52-194-3 62 59 0.952= 1.170 
^Clone not included in the statistical analysis. 
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Table 37. (Continued) 
Total Total 
flowers seeds Fertility index 
Clone selfed set Clona 1 Family 
A52-196-2 106 11 0.104 
A52-196-8 83 9 0.089 0.097 
A52-198-4 105 9 0.085 
A52-198-2 129 85 0.682 0.383 
Grand total 9867 4813 
Grand mean 0.483 
L.S.D. (.05) 0.394 0.279 
(.01) 0.523 0.370 
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Table 38. Self-fertility of the S. plants from the S population, 
winter 1964-65 
Total Total 
flowers seeds Fertility 
Plant selfed set index 
A41-1 67 18 0.269 
A41-2 328 25 0.076 
A41-3 357 63 0.176 
A41-4 145 28 0.193 
A41-5 381 17 0.045 
A41-6 462 46 0.100 
A41-7 - - — — - — 
A41-8 439 562 1.280 
A41-9 552 124 0.225 
A41-10 189 19 0.100 
A41-11 — — 
A41-12 137 0 0.000 
A41-13 171 258 1.509 
A41-14 103 16 0.155 
A41-15 266 39 0.147 
A41-16 44 2 0.045 
A41-17 265 41 0.155 
A41-18 203 51 0.251 
A41-19 35 11 0.314 
A41-20 329 96 0.292 
A41-21 309 119 0.385 
A41-22 131 18 0.137 
A41-23 59 2 0.034 
A41-24 189 31 0.164 
A41-25 182 74 0.406 
A41-26 196 1 0,005 
A41-27 111 3 0.027 
A41-28 248 85 0.343 
A41-29 229 122 0.533 
A41-30 630 249 0.395 
Grand total 6757 2120 
Grand mean 0.277 
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Table 39. Self-fertility of the S plants from the population, winter 
1965-66 " 
Total Total 
flowers seeds Fertility 
Plant selfed set index 
A511-1 15 0 0.000 
A511-2 348 19 0.054 
A511-3 112 1 0.009 
A511-4 200 5 0.025 
A511-5 127 10 0.079 
A511-6 237 1 0.004 
A511-7 240 32 0.133 
A511-8 234 25 0.107 
A511-9 221 0 0.000 
A511-10 205 0 0.000 
A511-11 64 0 0.000 
A511-12 415 18 0.043 
A511-13 435 18 0.041 
A511-14 30 0 0.000 
A511-15 265 39 0.147 
A5I1-16 316 53 0.168 
A511-17 223 8 0.036 
A511-18 283 14 0.049 
A511-19 263 23 0.087 
A511-20 217 1 0.005 
A511-21 204 0 0.000 
A511-22 289 8 0.028 
A511-23 112 22 0.196 
A511-24 250 1 0.004 
A511-25 203 0 0.000 
A511-26 232 11 0.047 
A511-27 61 6 0.098 
A511-28 126 14 0.111 
A511-29 259 62 0.239 
A5I1-30 267 3 0.011 
A511-31 198 31 0.156 
A511-32 16 0 0.000 
A511-33 148 5 0.034 
A511-34 27 0 0.000 
A5I1-35 186 0 0.000 
A511-36 162 6 0.037 
A511-37 188 8 0.042 
A511-38 353 0 0.000 
A511-39 263 21 0.080 
A511-40 259 65 0.251 
Grand total 8253 530 
Grand mean 0.058 
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Table 40. Self-fertility of the plants from the S population, winter 
1965-66 
Total Total 
flowers seeds Fertilit 
Plant selfed set index 
A514-1 102 25 0.245 
A514-2 100 0 0.000 
A514-3 103 11 0.107 
A514-4 131 11 0.084 
A514-5 121 213 1.760 
A514-6 100 1 0.010 
A514-7 103 15 0.146 
A514-8 91 16 0.176 
A514-9 - — - -
A514-10 113 0 0.000 
A514-11 219 193 0.881 
A514-12 102 108 1.059 
A514-13 97 6 0.062 
A514-14 105 97 0.924 
A514-15 125 32 0.256 
A514-16 102 140 1.372 
A514-17 111 27 0.243 
A514-18 106 53 0.500 
A514-19 108 9 0.083 
A514-20 106 0 0.000 
A514-21 111 10 0.090 
A514-22 114 2 0.018 
A514-23 103 0 0.000 
A514-24 97 42 0.433 
A514-25 109 10 0.092 
A514-26 107 2 0.019 
A514-27 60 2 0.033 
A514-28 26 1 0.038 
A514-29 107 23 0.215 
A514-30 116 25 0.216 
A514-31 125 41 0.328 
A514-32 17 0 0.000 
A514-33 123 8 0.065 
A514-34 110 16 0.145 
A514-35 113 12 0.106 
A514-36 112 27 0.241 
A514-37 112 56 0.500 
A514-38 121 5 0.041 
A514-39 131 42 0.321 
A514-40 148 39 0.264 
A514-41 111 192 1.730 
A514-42 112 1 0.009 
A514-43 111 3 0.027 
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Table 40. (Continued) 
Total Total 
flowers seeds Fertility 
Plant selfed set index 
A514-44 105 13 0.124 
A514-45 112 109 0.973 
A514-46 109 27 0.248 
A514-47 107 86 0.804 
A514-48 62 5 0.081 
A514-49 118 0 0.000 
A514-50 133 41 0.308 
A514-51 111 14 0.126 
A514-52 112 25 0.223 
A514-53 108 41 0.380 
A514-54 143 7 0.050 
A514-55 117 1 0.008 
Grand total 5878 1885 
Grand mean 0.299 
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Table 41. Cross-fertility of the clones (two propagules per clone) 
from the population, winter 1963-64 
Total Total 
flowers seeds Fertility index 
Cross crossed set Clonal^ Familyb 
B31-202 x 203 - - — — — — 
B31-203 X 202^ 32 20 0.684 0.684 
B31-204 X 205 9 16 1.778j 
B31-205 X 204 7 15 2.143d 1.960 
B31-206 X 207 18 44 2.444 
B31-207 X 206 24 49 1.964 2.204 
B31-210 X 211 54 145 2.716 
B31-2.il X 210 68 79 1.143 1.930 
B31-218 X 219 45 36 0.770 
B31-219 X 218 49 46 0.933 0.852 
B31-220 X 221 33 44 1.333d 
B31-221 X 220 18 9 0.500 0.916 
B31-222 X 223 5 3 0.600j 
B31-223 X 222 5 2 o.40or 0.500 
B31-224 X 225 33 58 1.636 
B31-225 X 224 33 61 2.104 1.870 
B31-226 X 227 58 62 1.095 
B31-227 X 226 35 64 1.895 1.495 
B31-228 X 229 37 50 1.358 
B31-229 X 228 35 76 2.160 1.759 
B31-230 X 231 9 23 2.556^ 
B31-231 X 230 14 26 1.857^ 2.206 
^Mean of two propagules. 
^Mean of two clones. 
^Cross not included in the statistical analysis. 
^Fertility index based on one propagule. 
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Table 41. (Continued) 
Total 
flowers 
Cross crossed 
B31-232 X 233 28 
B31-233 X 232 . 25 
B31-234 X 235^ 7 
B31-235 X 234 
B31-240 X 241 15 
B31-241 X 240 18 
Total 
seeds Fertility index 
set Clonal Fami ly 
16 0.571^ 
26 1.040 0.806 
7 1.000^ 
-- -- 1,000 
42 2.800^ 
50 2.778 2.789 
B31-242 X 243 38 
B31-243 X 242 40 
B31-244 X 245 25 
B31-245 X 244 20 
B31-246 X 247 39 
B31-247 X 246 20 
B31-248 X 249 17 
B31-249 X 248 15 
B31-250 X 251 12 
B31-251 X 250 12 
B31-256 X 257 46 
B31-257 X 256 39 
B31-258 X 259 36 
B31-259 X 258 17 
B31-260 X 261 6 
B31-261 X 260 3 
B31-262 X 263 42 
B31-263 X 262 35 
B31-264 X 265 28 
B31-265 X 264 25 
B31-266 X 267 39 
B31-267 X 266 51 
B31-270 X 271 31 
B31-271 X 270 40 
55 1.288 
91 2.275 1.782 
21 0.875 
19 0.916 0.896 
127 3.220 
35 1.750 2.485 
18 0.692 
29 2.000 1.346 
5 0.417 
10 0.800 0.608 
129 3.543 
73 2.052 2.798 
53 1.604 
24 1.697 1.650 
31 5.167j 
3 1.000 3.084 
27 0.724 
51 1.516 1.120 
118 3.212 
72 2.590 2.902 
81 2.062 
6 0.108 1.085 
21 0.658 
92 2.292 1.475 
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Table 41. (Continued) 
Cross 
Total 
flowers 
crossed 
Total 
seeds 
set 
Fertility index 
Clonal Family 
B31-272 X 273 
B31-273 X 272 
B31-276 X 277 
B31-277 X 276 
B31-278 X 279 
B31-279 X 278 
B31-280 X 281 
B31-281 X 280 
B31-282 X 283 
B31-283 X 282 
B31-284 X 285 
B31-285 X 284 
B31-286 X 287 
B31-287 X 286 
B31-288 X 289 
B31-289 X 288 
B31-290 X 291 
B31-291 X 290 
B31-292 X 293 
B31-293 X 292 
B31-294 X 295 
B31-295 X 294 
B31-296 X 297 
B31-297 X 296 
Grand total 
Grand mean 
L.S.D. (.05) 
( .01) 
19 
20  
24 
30 
16 
15 
35 
31 
34 
28 
25 
28 
59 
56 
49 
56 
32 
33 
33 
20 
30 
35 
51 
35 
2184 
65 
39 
55 
70 
58 
35 
96 
70 
17 
35 
72 
27 
94 
97 
126 
114 
105 
103 
17 
12 
144 
16 
53 
95 
3875 
3.394 
1.950 
2.407 
2.333 
3,625° 
2.333 
2.640 
2.295 
0.654 
1.286 
2.647 
0.738 
1.800 
1.944 
2.586 
2.009 
2.192 
1.344 
0.184 
0.222 
3.000 
0.334 
0.938 
1.250 
1.836 
1.916 
2.557 
2.672 
2.370 
2.979 
2.468 
0.970 
1.692 
1.872 
2.298 
3.282 
0.563 
2.792 
1.892 
1.355 
1.808 
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Table 42. Sib-fertility of the clones (two propagules per clone) 
from the population, winter 1964-65 
Total Total 
flowers seeds Fertility index 
Sib-cross crossed set ClonalaFamily^ 
B44-204-4 X 204-2 13 4 0.308^ 
B44-204-2 X 204-4 16 9 0.562^ 0.435 
B44-206-7 X 206-3 27 38 1.366 
B44-206-3 X 206-7 28 62 2.200 1.783 
B44-210-5 X 210-8 39 168 4.294 
B44-210-8 X 210-5 33 178 5.397 4.846 
B44-218-4 X 218-9 52 37 0.688 
B44-218-9 X 218-4 44 14 0.312 0.500 
B44-224-6 x 224-8 39 112 2.980 
B44-224-8 x 224-6 35 87 2.416 2.698 
B44-226-8 x 226-7 76 30 0.389 
B44-226-7 x 226-8 93 176 1.970 1.180 
B44-228-6 x 228-8 61 128 2.294 
B44-228-8 x 228-6 59 126 2.181 2.237 
B44-230-2 X 230-4 58 124 2.120 
B44-230-4 X 230-2 40 63 1.645 1.882 
B44-232-2 x 232-10 73 84 1.151 
B44-232-10 X 232-2 72 47 0.683 0.917 
B44-240-3 X 240-6 28 96 3.212 
B44-240-6 X 240-3 30 67 2.146 2.679 
B44-242-9 x 242-4 46 142 3.223 
B44-242-4 x 242-9 33 110 3.450 3.336 
B44-244-2 x 244-4 21 96 4.350 
B44-244-4 x 244-2 19 66 3.392 3.871 
^Mean of two propagules. 
^Mean of two clones. 
'^Fertility index based on one propagule. 
149 
Table 42. (Continued) 
Total Total 
flowers seeds Fertility index 
Sib-cross crossed set C lona 1 Family 
B44-246-6 x 246-2 27 69 3.131 
B44-246-2 x 246-6 35 161 5.600 4.366 
B44-248-2 x 248-3 
B44-248-3 x 248-2 
B44-250-3 X 250-2 
B44-250-2 X 250-3 
50 51 
42 99 
37 35 
34 28 
0.964 
2.384 1.674 
0.946^ 
0.824^ 0.885 
B44-256-2 x 256-7 
B44-256-7 x 256-2 
B44-258-5 x 258-1 
B44-258-1 X 258-5 
19 5 
15 12 
38 162 
37 82 
0.357 
1.100 0.728 
4.210 
2.214 3.212 
B44-260-9 X 260-4 28 75 2.856 
B44-260-4 X 260-9 32 89 3.271 3.064 
B44-262-6 x 262-8 12 19 1.584 
B44-262-8 x 262-6 32 23 0.766 1.175 
B44-264-9 x 264-7 44 151 3.446 
B44-264-7 x 264-9 38 83 2.176 2.811 
B44-266-5 x 266-8 30 45 1.242 
B44-266-8 x 266-5 32 111 3.396 2.318 
B44-270-2 X 270-1 45 56 1.246 
B44-270-1 X 270-2 37 21 0.556 0.901 
B44-272-5 x 272-2 12 25 2.056 
B44-272-2 x 272-5 12 32 2.667 2.361 
B44-276-4 x 276-3 24 50 2.070 
B44-276-3 x 276-4 24 118 4.917 3.494 
B44-278-4 x 278-3 36 34 0.857 
B44-278-3 x 278-4 37 51 1.477 1.167 
B44-280-5 X 280-4 56 100 1.815 
B44-280-4 X 280-5 49 51 1.018 1.416 
B44-284-6 x 284-3 14 27 1.938 
B44-284-3 x 284-6 17 24 1.430 1.684 
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Table 42. (Continued) 
Sib-cross 
Total 
flowers 
crossed 
Total 
seeds 
set 
Fertility index 
Clonal Family 
B44-286-1 X 286-7 36 
B44-286-7 x 286-1 38 
B44-288-7 x 288-3 15 
B44-288-3 x 288-7 12 
B44-290-7 X 290-4 32 
B44-290-4 X 290-7 44 
B44-292-3 x 292-4 31 
B44-292-4 x 292-3 43 
B44-296-7 x 296-6 39 
B44-296-6 x 296-7 30 
Grand total 2300 
Grand mean 
64 
133 
46 
41 
64 
61 
27 
61 
43 
29 
4552 
1.857 
2.996 
2.568 
3.688 
2.008 
1.438 
0.880 
1.306 
1.102^ 
0.967^ 
2.159 
2.426 
3.128 
1.723 
1.092 
1.035 
L.S.D. (.05) 
(.01) 
1.444 —' 
1.923 
-1.021 
1.360 
151 
Table 43. Sib-fertility of the FS^^ clones (two propagules per clone) 
from the population, winter 1965-66 
Total Total 
flowers seeds Fertility index 
Sib-cross crossed set Clonal^ Familyb 
B52-204-5 X 204-6 34 18 0.529 
B52-204-6 X 204-5 32 13 0.406 0.468 
B52-206-6 X 206-10 35 23 0.650 
B52-206-10 X 206-6 33 12 0.421 0.536 
B52-210-7 X 210-9 40 37 0.925 
B52-210-9 X 210-7 40 62 1.550 1.238 
B52-218-1 X 218-6 15 1 0.067^ 
B52-218-6 X 218-1 15 0 o.oocf 0.034 
B52-224-3 X 224-2 40 19 0.475 
B52-224-2 X 224-3 40 19 0.475 0.475 
B52-226-8 X 226-10 40 18 0.450 
B52-226-10 X 226-8 40 12 0.300 0.375 
B52-228-7 X 228-5 40 39 0.975 
B52-228-5 X 228-7 40 46 1.150 1.062 
B52-230-9 X 230-3 26 9 0.348 
B52-230-3 X 230-9 22 3 0.116 0.232 
B52-232-2 X 232-3 40 46 1.150 
B52-232-3 X 232-2 40 14 0.350 0.750 
B52-240-6 X 240-3 40 23 0.575 
B52-240-3 X 240-6 36 34 0.981 0.778 
B52-242-10 X 242-6 40 0 0.000 
B52-242-6 X 242-10 40 12 0.300 0.150 
B52-244-2 X 244-4 40 39 0.975 
B52-244-4 X 244-2 40 25 0.625 0.800 
^Mean of two propagules. 
Mean of two clones. 
^Fertility index based on one propagule. 
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Table 43. (Continued) 
Total Total 
flowers seeds Fertility index 
Sib-cross crossed set Clonal Family 
B52-246-3 x 246-2 28 30 0.978 
B52-246-2 x 246-3 27 4 0.154 0.566 
B52-248-4 x 248-1 40 55 1.375 
B52-248-1 X 248-4 40 21 0.525 0.950 
B52-250-8 X 250-3 40 27 0.675 
B52-250-3 X 250-8 38 4 0.106 0.390 
B52-256-2 x 256-6 37 14 0.394 
B52-256-6 x 256-2 35 3 0.092 0.243 
B52-258-9 x 258-4 35 5 0.154 
B52-258-4 x 258-9 35 8 0.314 0.234 
B52-260-5 X 260-2 19 22 1.324 
B52-260-2 X 260-5 21 20 1.000 1.162 
B52-262-1 X 262-6 28 17 0.577 
B52-262-6 x 262-1 32 13 0.406 0.492 
B52-264-5 x 264-2 34 25 0.646 
B52-264-2 x 264-5 35 57 1.592 1.119 
B52-266-1 X 266-10 40 47 1.175 
B52-266-10 X 266-1 40 51 1.275 1.225 
B52-270-3 X 270-7 35 46 1.316 
B52-270-7 X 270-3 35 26 0.742 1.029 
B52-272-9 x 272-1^ — — — — — — 
B52-272-1 X 272-9 - -
B52-276-2 x 276-10 17 16 0.941^ 
B52-276-10 X 276-2 20 28 1.40Gf 1.170 
B52-278-7 x 278-8 34 12 0.323 
B52-278-8 x 278-7 40 2 0.050 0.186 
B52-280-4 X 280-2 40 24 0.600 
B52-280-2 X 280-4 40 15 0.375 0.488 
Plants were essentially pollen sterile, no crosses possible. 
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Table 43. (Continued) 
Total 
flowers 
Sib-cross crossed 
B52-284-3 x 284-7 21 
B52-284-7 x 284-3 30 
B52-286-3 x 286-8 44 
B52-286-8 x 286-3 40 
B52-288-4 x 288-9 11 
B52-288-9 x 288-4 12 
B52-290-6 X 290-3 34 
B52-290-3 X 290-6 35 
B52-292-8 x 292-7 34 
B52-292-7 x 292-8 33 
B52-296-5 x 296-4 26 
B52-296-4 x 296-5 20 
Grand total 2053 
Grand mean 
L.S.D. (.05) 
( .01) 
Total 
seeds Fertility index 
set Clonal Family 
16 0.534 
13 0.361 0.447 
29 0.618 
44 1.094 0.856 
11 1.100 
7 0.584 0.842 
14 0.494 
16 0.627 0.560 
6 0.178 
12 0.374 0.276 
26 0.925 
11 0.621 0.773 
1321 
0.643 
N.S.® 0.760 
N.S. 1.012 
®N.S. = non-significant. 
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Table 44. Self--fertility of the S^^ clones (two propagules per clone) 
from the population, winter 1963-64 
Total Total 
flowers seeds Fertility 
Clone selfed set index® 
B31-200 56 2 0.036 
B31-201 50 25 0.556 
B31-202 131 9 0.068 
B31-203 36 0 0.000% 
B31-204 55 27 0.546 
B31-205 28 5 0.178% 
B31-206 168 9 0.054b 
B31-207 63 26 0.420 
B31-208 97 105 1.100 
B31-209 168 60 0.356 
B31-210 389 168 0.508 
B31-211 473 88 0.158 
B31-212 192 2 0.010 
B31-213 6 1 0.167? 
B31-214 47 9 0.191 
B31-215 28 1 0.072 
B31-216 19 0 o.oodr 
B31-217 7 0 0.000 
B31-218 116 15 0.134 
B31-219 119 2 0.011 
B31-220 146 10 0.068° 
B31-221 90 8 0.089 
B31-222 76 8 0.110 
B31-223 41 2 0.049 
B31-224 123 39 0.329 
B31-225 231 54 0.246 
B31-226 393 42 0.106 
B31-227 138 61 0.436 
B31-228 126 6 0.046 
B31-229 252 22 0.081 
B31-230 58 13 0.260 
B31-231 21 3 0.143b 
B31-232 379 41 0.110 
B31-233 30 5 0.167 
B31-234 120 0 0.000 
B31-235 42 7 0.167° 
B31-236 15 6 0.400° 
B31-237 262 265 1.012 
B31-238 145 9 0.062 
^Mean of two propagules. 
^Fertility index based on one propagule. 
155 
Table 44. (Continued) 
Total Total 
flowers seeds Fertility 
Clone selfed set index 
B31-239 
B31-240 59 51 0.734 
B31-241 114 30 0.252 
B31-242 179 44 0.232 
B31-243 108 51 0.472 
B31-244 81 25 0.292 
B31-245 61 17 0.296 
B31-246 166 35 0.212 
B31-247 124 21 0.165 
B31-248 198 89 0.446 
B31-249 73 18 0.246 
B31-250 138 3 0.022 
B31-251 51 1 0.015 
B31-252 - - — - - -
B31-253 237 101 0.424 
B31-254 - — - - - -
B31-255 111 18 0.166 
B31-256 89 39 0.464 
B31-257 231 84 0.368 
B31-258 136 28 0.216 
B31-259 25 5 0.216 
B31-260 151 76 0.522 
B31-261 
B31-262 69 18 0.239 
B31-263 80 1 0.012 
B31-264 127 109 0.863 
B31-265 25 3 0.127 
B31-266 50 22 . _ 0.440 
B31-267 248 11 0.032, 
B31-268 30 5 0.167 
B31-269 149 77 0.590 
B31-270 202 79 0.371 
B3L-271 95 4 0.042 
B31-272 30 10 0.292 
B31-273 132 21 0.115 
B31-274 136 20 0.147 
B31-275 
B31-276 43 26 0.491 
B31-277 101 36 0.360 
B31-278 71 39 0.549* 
B31-279 89 29 0.422 
B31-280 154 39 0.252 
B31-281 86 83 0.786 
B31-282 28 0 0.000 
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Table 44. (Continued) 
Total Total 
flowers seeds Fertility 
Clone &elfed set index 
B31-283 93 24 0.316 
B31-284 93 , 3 0.032 
B31-285 57 0 0.000 
B31-286 92 8 0.087 
B31-287 151 117 0.883 
B31-288 102 9 0.110 
B31-289 134 18 0.074 
B31-290 157 28 0.181 
B31-291 177 30 0.167 
B31-292 150 16 0.118 
B31-293 28 5 0.162 
B31-294 58 57 0.898 
B31-295 274 34 0.136 
B31-296 194 13 0.064 
B31-297 44 21 0.470 
B31-298 53 15 0.283° 
B31-299 7 2 0.286 
Grand total 11,077 2923 
Grand mean 0.271 
L.S.D. (.05) 0.302 
(.01) 0.401 
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Table 45. Self-fertility of the clones (two propagules per clone) 
from the population, winter 1954-65 
Clone 
Total 
flowers 
selfed 
Total 
seeds 
set 
Fertility index 
Clonal^ Familyb 
B44-204-4 127 236 1.801 
B44-204-2 74 46 0.622^ 1.212 
B44-206-7 164 58 0.350 
B44-206-3 80 70 0.871 0.611 
B44-210-5 285 969 3.370 
B44-210-8 268 698 2.563 2.966 
B44-218-4 327 23 0.070 
B44-218-9 79 78 1.015 0.542 
B44-220-5^ 165 22 0.146 
B44-220-7 — - - 0.146 
B44-224-6 279 475 1.690 
B44-224-8 128 144 1.174 1.432 
B44-226-8 101 79 0.875 
B44-226-7 366 42 0.108 0.491 
B44-228-6 145 83 0.620 
B44-228-8 361 364 1.102 0.861 
B44-230-2 59 34 0.634 
B44-230-4 150 86 0.575 0.605 
B44-232-2 93 69 0.744 
B44-232-10 64 14 0.216 0.480 
B44-240-3 165 181 1.108 
B44-240-6 161 289 1.859 1.483 
B44-242-9 101 85 0.734 
B44-242-4 92 161 1.851 1.292 
^Mean of two propagules . 
^Mean of two clones. 
^Fertility index based on one propagule. 
lone not included in the statistical analysis . 
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Table 45. (Continued) 
Total Total 
flowers seeds Fertility index 
Clone selfed set Clonal Family 
B44-244-2 159 208 1.309 
B44-244-4 80 98 1.218 1.264 
B44-246-6 106 186 1.842 
B44-246-2 103 277 2.581 2.211 
B44-248-2 131 179 1.353 
B44-248-3 326 139 0.434 0.893 
B44-250-3 91 12 0.132^ 
B44-250-2 151 78 0.510 0.321 
B44-256-2 73 
B44-256-7 259 
B44-258-5 119 
B44-258-1 134 
B44-260-9 73 
B44-260-4 161 
B44-262-6 131 
B44-262-8 110 
B44-264-9 49 
B44-264-7 133 
54 0.738 
108 0.408 0.574 
117 0.880 
101 0.892 0.886 
115 1.564 
265 1.644 1.604 
142 1.080 
35 0.328 0.704 
84 1.716 
138 1.031 1.374 
B44-266-5 207 
B44-266-8 72 
B44-270-2 98 
B44-270-1 116 
245 1.180 
175 2.432 1.806 
61 0.623 
78 0.676 0.649 
B44-272-5 188 
B44-272-2 140 
B44-276-4 92 
B44-276-3 138 
B44-278-4 145 
B44-278-3 222 
B44-280-5 192 
B44-280-4 65 
150 0.774 
41 0.292 0.534 
113 1.164 
434 3.219 2.192 
112 0.762 
200 0.928 0.845 
178 1.111 
54 0.848 0.980 
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Table 45. (Continued) 
Total Total 
flowers seeds Fertility index 
Clone selfed set Clonal Family 
B44-282-4, 
•n / / ooo -,d B44-282-7 91 46 0.516 0.516 
B44-284-6 
B44-284-3 
119 
102 
103 
59 
0.834 
0.594 0.714 
B44-286-1 
B44-286-7 
82 
180 
129 
97 
1.523 
0.544 1.034 
B44-288-7 
B44-288-3 
131 
67 
176 
61 
1.228 
0.934 1.081 
B44-290-7 
B44-290-4 
137 
289 
132 
410 
1.034 
1.507 1.270 
B44-292-3 
B44-292-4 
164 
199 
102 
236 
0.646 
1.187 0.917 
B44-294-2 
B44-294-4 
110 
205 " 
24 
259 
0.220 
1.300 0.760 
B44-296-7 
B44-296-6 
246 
71 
209 
25 
0.776 
0.352 0.564 
Grand total 
Grand mean 
10,091 10,551 
1.081 
L.S.D. (.05) 
(.01) 
0.448 
0.595 
0.317 
0.420 
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Table 46. Self-fertility of the FS - clones (two propagules per clone) 
from the S^ population, winter 1965-66 
Total Total 
flowers seeds Fertility index 
Clone selfed set Clona18 Familyb 
B52-204-5 107 6 0.056 
B52-204-6 98 81 0.812 0.434 
B52-206-6 118 15 0.118 
B52-206-10 103 52 0.505 0.311 
B52-210-7 131 111 0.837 
B52-210-9 118 249 2.118 1.478 
B52-218-1 41 1 0.022 
B52-218-6 40 2 0.050^ 0.036 
852-234-3 161 20 0.124 
B52-224-2 131 16 0.112 0.118 
B52-226-8 121 29 0.248 
B52-226-10 70 7 0.100 0.174 
B52-228-7 138 125 0.852 
B52-228-5 109 71 0.681 0.766 
B52-230-9 121 18 0.153 
B52-230-3 131 35 0.269 0.211 
B52-232-2 147 32 0.222 
B52-232-3 99 64 0.665 0.444 
B52-240-6 128 64 0.502 
B52-240-3 73 67 0.908 0.705 
B52-242-10 136 16 0.128 
B52-242-6 128 44 0.348 0.238 
B52-244-2 125 71 0.562 
B52-244-4 117 20 0,168 0.366 
^Mean of two propagules. 
^Mean of two clones. 
'^Fertility index based on one propagule. 
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Table 46. (Continued) 
Total 
flowers 
Clone selfed 
B52-246-3 128 
B52-246-2 107 
Total 
seeds Fertility index 
set Clonal Fami ly 
31 0.245 
37 0.345 0.295 
B52-248-4 138 
B52-248-1 146 
B52-250-8 104 
B52-250-3 124 
B52-256-2 129 
B52-256-6 103 
B52-258-9 " 152 
B52-258-4 83 
B52-260-5 108 
B52-260-2 123 
B52-262-1 106 
B52-262-6 144 
B52-264-5 119 
B52-264-2 100 
B52-266-1 78 
B52-266-10 110 
B52-270-3 116 
B52-270-7 107 
B52-272-9 114 
B52-272-1 121 
B52-276-2 73 
B52-276-10 104 
B52-278-7 147 
B52-278-8 147 
B52-280-4 109 
B52-280-2 138 
B52-284-3 130 
B52-284-7 64 
80 0.582 
74 0.512 0.547 
30 0.286 
17 0.128 0.207 
42 0.324 
14 0.140 0.232 
45 0.293 
3 0.028 0.161 
121 1.128 
91 0.718 0.923 
11 0.105 
93 0.600 0.353 
22 0.185 
118 1.174 0.680 
78 0.958 
64 0.589 0.773 
73 0.631 
69 0.612 0.622 
0 0.000^ 
2 0.016^ 0.008 
69 0.945^ 
118 1.202 1.074 
153 1.038 
0 0.000 0.519 
110 1.009 
50 0.25a 0.633 
42 0.321 
14 0.219^ 0.270 
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Table 46. (Continued) 
Total Total 
flowers seeds Fertility index 
Clone selfed set C lona 1 Fami ly 
B52-286-3 152 205 1.345 
B52-286-8 134 58 0.435 0.890 
B52-288-4 116 23 0.198 
B52-288-9 76 10 0.080 0.140 
B52-290-6 118 
B52-290-3 161 
B52-292-8 118 
B52-292-7 135 
B52-296-5 183 
B52-296-4 34 
Grand total 7390 
Grand mean 
L.S.D. (.05) 
(.01) 
79 0.656 
47 0.299 0.478 
56 0.481 
35 0.264 0.373 
54 0.318 
10 0.294^ 0.306 
3465 
0.472 
0.291 0.206 
0.388 0.274 
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Table 47. Self-fertility of the S„ plants from the population, 
winter 1964-65 
Total Total 
flowers seeds Fertility 
Plant selfed set . index 
B411-1 407 0 0.000 
B411-2 277 33 0.119 
B411-3 264 0 0.000 
B411-4 235 15 0.064 
B411-5 329 19 0.058 
B411-6 — — — — - -
B411-7 143 3 0.021 
B411-8 107 10 0.093 
B411-9 21 0 0.000 
B411-10 — — — — — — 
B411-11 281 13 0.046 
B411-12 68 1 0.015 
B411-13 49 9 0.184 
B411-14 133 12 0.090 
B411-15 232 37 0.159 
B411-16 431 16 0.037 
B411-17 368 0 0.000 
B411-18 231 31 0.134 
B411-19 62 9 0.145 
B411-20 271 4 0.015 
B411-21 399 241 0.604 
B411-22 314 11 0.035 
B411-23 306 115 0.376 
B411-24 205 157 0.766 
B411-25 23 0 0.000 
B411-26 55 0 0.000 
B411-27 91 3 0.033 
B411-28 - -
B411-29 344 28 0.081 
B411-30 131 4 0.030 
Grand total 5777 771 
Grand mean 0.115 
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Table 48. Self-fertility of the S„ plants from the population, winter 
1965-66 1 
Total Total 
flowers seeds Fertility 
Plant selfed set index 
B5111-1 86 
B5111-2 222 
B5111-3 214 
B5111-4 177 
B5111-5 40 
B5111-6 265 
B5111-7 259 
B5111-8 38 
B5111-9 175 
B5111-10 70 
B5111-11 255 
B5111-12 174 
B5111-13 171 
B5111-14 226 
B5111-15 147 
B5111-16 27 
B5111-17 88 
B5111-18 115 
B5111-19 14 
B5111-20 73 
B5111-21 218 
B5111-22 
B5111-23 147 
B5111-24 126 
B5111-25 150 
B5111-26 190 
B5111-27 16 
B5111-28 58 
B5111-29 101 
Grand total 3852 
Grand mean 
0 0.000 
0 0.000 
12 0.056 
3 0.017 
0 0.000 
1 0.004 
I 0.004 
0 0.000 
0 0.000 
0 0.000 
15 0.059 
39 0.224 
0 0.000 
71 0.314 
0 0.000 
0 0.000 
8 0.091 
0 0.000 
1 0.071 
0 0.000 
9 0.041 
1 0.007 
0 0.000 
17 0.113 
4 0.021 
0 0.000 
16 0.276 
1 0.010 
199 
0.047 
165 
Table 49. Self-fertility of the F„ plants from the S. population, winter 
1965-56 
Total Total 
flowers seeds Fertilit 
Plant selfed set index 
B514-1 110 0 0.000 
B514-2 123 2 0.016 
B514-3 110 42 0.382 
B514-4 109 0 0.000 
B514-5 101 23 0.228 
B514-6 108 11 0.102 
B514-7 104 46 0.442 
B514-8 107 42 0.392 
B514-9 113 16 0.142 
B514-10 108 2 0.018 
B514-11 103 0 0.000 
B514-12 106 3 0.028 
B514-13 109 20 0.183 
B514-14 115 0 0.000 
B514-15 104 65 0.625 
B514-16 103 6 0.058 
B514-17 129 9 0.070 
B514-18 106 0 0.000 
B514-19 113 35 0.310 
B514-20 121 27 0.223 
B514-21 106 36 0.340 
B514-22 146 24 0.164 
B514-23 102 35 0.343 
B514-24 107 2 0.019 
B514-25 108 33 0.306 
B514-26 78 13 0.167 
B514-27 67 22 0.328 
B514-28 107 9 0.084 
B514-29 20 0 0.000 
B514-30 22 3 0.136 
B514-31 80 0 0.000 
B514-32 118 2 0.017 
B514-33 109 39 0.358 
B514-34 108 36 0.333 
B514-35 - — - -
B514-36 124 14 0.113 
B514-37 106 15 0.142 
B514-38 107 18 0.168 
B514-39 30 0 0.000 
B514-40 109 68 0.624 
B514-41 117 3 0.026 
B514-42 106 23 0.217 
B514-43 137 6 0.044 
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Table 49. (Continued) 
Total 
flowers 
Plant selfed 
Total 
seeds Fertility 
set index 
B514-44 48 2 0.042 
B514-45 143 4 0.028 
B514-46 109 152 1.394 
B514-47 110 54 0.491 
B514-48 85 0 0.000 
B514-49 116 0 0.000 
B514-50 109 6 0.055 
B514-51 108 14 0.130 
B514-52 106 58 0.547 
B514-53 118 59 0.500 
B514-54 129 9 0.070 
Grand total 5497 1108 
Grand mean 0.196 
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Table 50. Performance of the progenies from the and populations 
for certain agronomic characteristics, 1965 
Per cent Per cent 
Number of Spring winter- winter- Seed 
Progeny plants® vigor kill injury Yield production 
SQ population 
A44-100 8 4.0 20.0 12.5 1.08 4.8 
A44-102 9 3.2 0.0 11.1 1.26 3.4 
A44-104 9 2.1 10.0 11.1 1.82 4.1 
A44-106 9 2.1 10.0 0.0 1.57 3.7 
A44-108 10 1.4 0.0 0.0 1.62 2.2 
A44-112 6 4.0 33.3 16.7 0.98 4.3 
A44-114 5 3.0 44.4 20.0 1.56 2.2 
A44-116 7 5.0 12.5 14.3 0.80 4.1 
A44-118 6 3.3 0.0 16.7 1.12 2.0 
A44-120 7 2.7 12.5 0.0 1.58 3.6 
A44-122 4 2.5 0.0 0.0 1.25 5.0 
A44-124 5 5.0 0.0 40.0 1.06 4.6 
A44-126 3 8.3 70.0 66.7 0.39 9.0 
A44-128 4 5.5 0.0 25.0 1.50 3.5 
A44-130 5 4.2 37.5 40.0 0.88 3.4 
A44-132 5 5.7 14.3 60.0 1.35 2.3 
A44-134 6 2.7 14.3 0.0 1.22 3.7 
A44-136 3 5.0 25.0 0.0 0.86 2.3 
A44-138 5 2.6 44.4 0.0 1.26 3.0 
A44-140 0 — — 100.0 
A44-142 1 7.0 0.0 0.0 0.66 1.0 
A44-144 1 9.0 66.7 100.0 0.33 1.0 
A44-146 1 3.0 50.0 0.0 1.19 5.0 
A44-148 1 1.0 50.0 0.0 1.48 3.0 
A44-152 2 8.0 0.0 50.0 0.48 3.0 
A44-154 4 4.0 0.0 0.0 1.67 3.5 
A44-156 0 100.0 — -
A44-158 8 4.5 20.0 25.0 1.11 5.2 
A44-160 2 2.0 71.4 0.0 1.53 9.0 
A44-162 7 2.1 12.5 0.0 1.41 3.6 
A44-164 3 6.3 70.0 33.3 0.74 4.3 
A44-166 10 4.0 0.0 20.0 1.30 1.8 
A44-168 9 1.2 0.0 0.0 1.48 2.8 
A44-170 6 8.3 40.0 66.7 0.53 2.3 
A44-172 10 1.8 0.0 0.0 1.13 1.0 
A44-174 5 3.8 28.6 20.0 1.53 2.2 
A44-176 8 4.2 11.1 25.0 1.11 1.8 
A44-178 8 4.0 20.0 37.5 0.98 1.3 
A44-180 9 3.2 10.0 22.2 1.40 2.3 
^Number of plants in each progeny row. 
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Table 50. (Continued) 
-- Per cent Per cent 
Number of Spring winter­ winter- Seed 
Progeny plants vigor kill iniury Yield production 
A44-182 9 1.4 10.0 0.0 1.78 1.0 
A44-184 9 4.6 10.0 22.2 0.82 3.2 
A44-186 10 7.6 0.0 60.0 0.69 2.4 
A44-188 8 5.0 20.0 25.0 1.35 1.5 
A44-190 7 1.8 0.0 0.0 1.60 1.3 
A44-192 6 5.3 0.0 33.3 0.68 2.0 
A44-194 8 2.0 11.1 0.0 1.17 3.0 
A44-196 10 2.0 0.0 10.0 1.22 1.0 
A44-198 'lO 1.8 0.0 0.0 1.51 1.8 
Mean 3.9 18.8 17.0 1.17 3.1 
, ^1 
population 
B44-202 3 6.3 0.0 66.7 0.78 6.3 
B44-204 8 3.2 11.1 12.5 1.20 1.0 
B44-206 8 4.0 11.1 25.0 0.86 2.0 
B44-210 8 1.8 0.0 0.0 1.14 1.0 
B44-218 6 4.0 33.3 16.7 1.11 2.3 
B44-220 9 2.1 0.0 0.0 1.25 2.8 
B44-224 9 1.4 0.0 0.0 1.48 1.7 
B44-226 9 1.4 0.0 0.0 1.25 3.0 
B44-228 4 6.5 50.0 25.0 0.56 3.0 
B44-230 9 2.1 0.0 11.1 1.82 5.7 
B44-232 5 3.8 44.4 0.0 0.90 2.6 
B44-240 9 1.9 0.0 0.0 1.78 1.0 
B44-242 8 1.2 0.0 0.0" 1.60 4.8 
B44-244 2 1.0 77.8 0.0 1.90 1.0 
B44-246 8 2.0 20.0 0.0 1.94 1.0 
B44-248 7 3.6 12.5 0.0 1.34 1.0 
B44-250 6 3.7 25.0 0.0 1.49 2.0 
B44-256 9 2.1 0.0 0.0 1.62 2.8 
B44-258 9 3.9 0.0 11.1 1.35 2.3 
B44-260 5 5.8 28.6 20.0 1.01 1.4 
B44-262 5 5.8 16.7 0.0 1.27 3.8 
B44-264 6 3.3 30.0 16.7 1.62 1.0 
B44-266 9 1.0 0.0 0.0 1.70 1.0 
B44-270 9 3.7 0.0 11.1 1.39 3.7 
B44-272 7 2.4 22.2 0.0 1.50 4.4 
B44-276 7 3.3 12.5 14.3 1.38 1.3 
B44-278 4 3.0 0.0 25.0 1.22 2.0 
B44-280 5 5.8 16.7 40.0 0.84 3.4 
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Table 50. (Continued) 
Per cent Per cent 
Number of Spring winter- winter- Seed 
Progeny plants vigor kill injury Yield production 
B44-282 7 3.3 22.2 14.3 1.25 4.4 
B44-284 6 2.3 25.0 0.0 1.06 2.7 
B44-286 8 2.8 0.0 0.0 1.32 3.0 
B44-288 0 - - 100.0 - — — — - -
B44-290 7 1.0 22.2 0.0 1.61 1.3 
B44-292 10 1.6 0.0 0.0 1.34 2.8 
B44-294 10 3.6 0.0 10.0 1.22 1.4 
B44-296 9 3.2 0.0 22.2 1.51 2.8 
Mean 3.1 16.6 00
 
o
 
1.34 2.5 
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Table 51. Performance of the FS^ progenies from the and popula­
tions for certain agronomic characteristics, 1966 
Per cent Per cent 
Number of Spring winter­ winter- Seec 
Progeny plants^ vigor kill in iury Yield product 
SQ population 
A52-100 10 3.0 0.0 0.0 0.64 9.0 
A52-102 10 3.4 0.0 0.0 0.51 6.6 
A52-104 10 2.0 0.0 0.0 0.79 8.2 
A52-106 10 2.8 0.0 0.0 0.60 8.2 
A52-108 10 2.4 0.0 0.0 0.45 9.0 
A52-112 8 3.5 0.0 0.0 0.42 9.0 
A52-114 10 1.6 0.0 0.0 0.92 6.8 
A52-116 10 4.2 0.0 0.0 0.36 6.5 
A52-118 10 3.8 0.0 0.0 0.38 6.6 
A52-120 10 1.2 0.0 0.0 0.90 7.4 
A52-122 10 1.8 0.0 0.0 0.72 5.4 
A52-124 10 2.4 0.0 10.0 0.64 5.0 
A52-126 10 1.4 0.0 0.0 0.81 8.6 
A52-128 10 2.2 0.0 10.0 0.66 8.6 
A52-130 10 1.6 0.0 0.0 0.72 4.2 
A52-132 10 1.0 0.0 0.0 0.91 7.8 
A52-134 10 2.2 0.0 0.0 0.78 5.8 
A52-136 10 2.2 0.0 0.0 0.65 4.1 
A52-138 10 2.8 0.0 0.0 0.47 6.3 
A52-144 10 3.6 0.0 0.0 0.39 5.0 
A52-146 9 2,0 0.0 0.0 0.71 8.1 
A52-148 10 2.8 0.0 0.0 0.62 5.8 
A52-154 10 3.0 0.0 îlo.o 0.58 5.8 
A52-158 10 1.6 0.0 0.0 0.68 7.4 
A52-160 10 1.8 0.0 0.0 0.93 6.6 
A52-162 9 2.6 0.0 0.0 0.60 5.0 
A52-164 10 3.0 0.0 0.0 0.61 6.2 
A52-166 10 2.6 0.0 0.0 0.72 5.5 
A52-170 9 3.2 10.0 0.0 0.66 5.4 
A52-172 10 3.0 0.0 0.0 0.84 5.4 
A52-174 10 1.8 0.0 0.0 0.83 5.0 
A52-176 10 2.0 0.0 0.0 0.88 6.6 
A52-178 10 2.2 0.0 0.0 0.68 4.2 
A52-180 10 1.4 0.0 0.0 0.90 4.6 
A52-182 10 1.0 0.0 0.0 0.99 5.8 
^Number of plants in each progeny row. 
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Table 51. (Continued) 
Per cent Per cent 
Number of Spring winter­ winter- Seed 
Progeny plants vigor kill iniury Yield production 
A52-184 10 3.2 0.0 0.0 0.53 7.4 
Â52-186 10 4.0 0.0 0.0 0.43 7.4 
A52-188 9 4.8 0.0 22.2 0.45 4.0 
A52-190 10 1.8 0.0 0.0 0.79 5.8 
A52-192 10 3.4 0.0 0.0 0,51 7.4 
A52-194 10 2.2 0.0 0.0 0.86 5.8 
A52-196 10 1.8 0.0 0.0 0.78 5.4 
A52-198 10 2.2 0.0 0.0 0.72 7.0 
Mean 2.5 0.2 1.0 0.67 6.4 
population 
B52-204 10 3.8 0.0 0.0 0.50 5.0 
B52-2 06 10 3.0 0.0 10.0 0.68 6 .8  
B52-210 10 3.4 0.0 0.0 0.56 3.2 
B52-218 10 3.2 0.0 0.0 0.65 7.8 
B52-224 10 2.0 0.0 0.0 0.70 4.6 
B52-226 9 3.7 0.0 0.0 0.60 9.0 
B52-228 10 5.4 0.0 20.0 0.33 7.4 
B52-230 10 2.6 0.0 0.0 0.60 8.2 
B52-232 10 5.6 0.0 10.0 0.22 4.6 
B52-240 10 2.2 0.0 0.0 0.53 3.8 
B52-242 10 3.2 0.0 0.0 0.48 7.8 
B52-244 10 1.2 0.0 0.0 1.01 4.2 
B52-246 5 2.6 0.0 0.0 0.65 8.3 
B52-248 7 3.8 0.0 0.0 0.41 8.6 
B52-250 9 3.2 0.0 0.0 0.50 7.3 
B52-256 8 5.0 11.1 0.0 0.39 7.0 
B52-258 10 2.4 0.0 0.0 0.54 4.3 
B52-260 6 2.0 0.0 0.0 0.59 9.0 
B52-262 9 3.7 0.0 0.0 0.39 7.2 
B52-264 9 2.1 0.0 0.0 0.78 4.6 
B52-266 9 3.2 0.0 0.0 0.48 7.4 ' 
B52-270 10 3.0 0.0 0.0 0.69 7.8 
B52-272 10 2.2 0.0 0.0 0.75 5.9 
B52-276 9 2.3 10.0 11.1 0.61 7.4 
B52-278 10 2.2 0.0 0.0 0.65 8.2 
B52-280 5 2.2 0.0 0.0 0.70 8 .6  
B52-284 9 2.1 10.0 0.0 0.61 7.7 
B52-286 9 4.1 0.0 0.0 0.35 6 .8  
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Table 51. (Continued) 
Per cent Per cent 
Number of Spring winter- winter- Seed 
Progeny plants vigor kill injury Yield production 
B52-288 9 2.8 0.0 0.0 0.63 7.0 
B52-290 10 3.2 0.0 0.0 0.56 8.2 
B52-292 10 3.2 0.0 0.0 0.57 7.3 
B52-295 7 5.0 0.0 14.3 0.37 5.4 
Mean 3.1 1.0 2.0 0.56 6.8 
Table 52. Performance of the S^, , 
Experiment 1 (S^ population) 
Spring Days to Seed 
Entry vigor Yield flower production 
101 1.7 0.78 28.2 3.1 
102 1.2 1.10 29.5 4.4 
103 1.2 0.98 27.0 2.6 
104 1.0 1.25 27.6 1.4 
105 1.7 0.99 27.0 2.8 
106 2.5 0.82 29.5 1.6 
107 1.2 0.85. 27.9 1.6 
108 1.0 1.13 26.6 2.3 
109 1.6 1.05 27.9 4.2 
110 1.5 1.09 31.9 2.6 
111 1.3 1.07 28.2 1.8 
Mean 1.4 1.01 28.3 2.6 
112 2.7 0.73 31.9 6.1 
113 2.8 0.71 • 31.1 5.5 
114 5.2 0.36 31.9 5.9 
115 5.7 0.32 32.5 7.0 
116 3.7 0.54 35.8 5.4 
117 2.2 0.62 31.3 7.4 
118 2.0 0.67 30.2 5.0 
119 4.6 0.62 34.7 6 . 6  
120 4.4 0.49 32.1 8.1 
121 3.9 0.65 35.0 6.8 
Mean 3.7 0.57 32.6 6.4 
^ and FS^ progenies for agronomic characteristics in 
Plant height Plant width Growth habit Plant Leaf 
Summer Fall Summer Fall Summer Fall density shape 
F^ progenies 
49.7 36.5 44.0 56.8 1.16 0.68 2.9 5.0 
44.8 30.6 47.5 68.7 0.97 0.46 4.7 5.6 
47.8 27.2 51.7 75.6 0.95 0.37 4.5 5.3 
50.7 41.0 58.2 77.8 0.89 0.54 4.8 7.6 
46.2 39.2 ,49.0 72.1 0.97 0.58 3.9 4.2 
45.4 36.8 \35.l 60.9 1.33 0.62 1.5 6.3 
47.6 35.5 46.7 72.7 1.03 0.50 3.6 5.5 
50.5 38.8 54.8 74.0 0.94 0.53 2.4 4.0 
49.4 44.7 47.1 72.6 1.09 0.63 5.8 5.6 
46.5 37.0 47.6 68.9 1.00 0,55 2.6 7.9 
45.0 34.7 43.6 68.4 1.05 0.53 2.9 6.9 
47.6 36.5 47.8 69.8 1.03 0.54 3.6 5.8 
S^ progenies 
-
36.1 30.0 38.5 58.7 0.96 0.55 3.6 5.2 
41.9 35.2 44.9 62.0 0.96 0.59 4.7 7.2 
33.7 24.6 32.2 57.8 1.18 0.44 7.7 3.2 
37.4 33.3 23.4 45.9 1.70 0.80 5.6 6.1 
37.4 34.4 29.6 50.7 1.31 0.71 3.7 6.3 
42.2 31.4 40.1 58.3 1.07 0.55 4.0 4.0 
37.9 35.0 33.6 65.0 1.13 0.56 2.1 5.2 
33.5 27.1 33.0 63.9 1.07 0.44 3.9 5.5 
37.1 31.0 35.8 64.2 1.11 0.53 3.2 7.4 
41.6 30.6 44.5 67.1 0.96 0.47 6.3 6.6 
37.9 31.2 35.6 59.4 1.14 0.56 4.5 5.7 
Table 52. (Continued) 
Spring Days to Seed 
Entry vigor Yield flower production 
122 1.9 0.94 30.9 4.0 
123 2.9 0.71 32.9 5.8 
124 1.8 0.95 33.6 6.3 
125 1.5 0.93 26.7 2.3 
126 1.5 0.98 33.5 5.5 
127 2.4 0.86 37.0 6.8 
128 1.9 0.92 33.7 8.0 
129 1.5 0.95 30.3 5.8 
130 3.6 0.58 32.6 7.1 
131 3.4 0.69 30.7 5.2 
Mean 2,2 0.85 32.2 5.7 
132 2.8 0.68 32.3 7.2 
133 3.5 0.59 34.5 8.7 
134 4.5 0.36 33.7 8.6 
135 1.9 0.83 28.1 3.9 
136 2.4 0.72 29.6 6.9 
137 7.5 0.15 38.4 6.4 
138 2.8 0.69 25.5 6.9 
139 3.6 0.56 35.2 7.6 
140 3.7 0.66 35.0 5.0 
Mean 3.6 0.58 32.5 6.8 
Plant height Plant width Growth habit Plant Leaf 
Summer Fall Summer Fall Summer Fall density shape 
FS^ progenies 
42.3 27.2 46.2 72.9 0.94 0.39 3.2 6.0 
41.6 29.6 36.0 57.4 1.17 0.53 2.4 8.0 
38.7 35.3 40.8 62.8 0.97 0.58 2.1 6.9 
45.0 30.8 51.9 75.6 0.88 0.43 3.9 6.3 
42.5 29.8 45.2 73.5 0.97 0.42 4.4 5.5 
40.9 42.4 41.3 67.7 1.02 0.63 5.5 4.8 
39.3 26.3 38.6 60.0 1.03 0.46 1.5 4.5 
45.3 29.6 39.6 60.8 1.18 0.50 2.0 7.4 
42.2 36.8 37.0 52.4 1.22 0.74 2.6 7.4 
42.0 38.7 37.2 54.8 1.20 0.74 6.4 7.6 
42.0 32.6 41.4 63.8 1.06 0.54 3.4 6.4 
39.3 22.8 
37.3 32.0 
34.7 33.4 
39.2 23.9 
41.2 29.5 
34.1 31.7 
42.8 34.1 
38.3 32.8 
41.0 37.4 
38.7 30.8 
44.4 81.0 
34.2 55.8 
30.7 44.4 
50.6 69.7 
45.7 57.7 
22.9 50.0 
43.4 60.6 
32.8 53.4 
37.4 55.6 
38.0 58.7 
0.94 0.29 
1.12 0.60 
1.17 0.79 
0.80 0.36 
0.97 0.53 
1.63 0.69 
1.02 0.58 
1.20 0.63 
1.11 0.71 
1.11 0.57 
6.0 5.6 
3.8 6.3 
5.2 4.2 
1 . 2  6 . 8  
3.2 5.5 
8.5 6.9 
1.3 1.6 
2.0 4.8 
4.0 7.1 
3.9 5.4 
Table 52. (Continued) 
Spring Days to Seed Plant height Plant width Growth habit Plant Leaf 
Entry vigor Yield flower production Summer Fall Summer Fall Summer Fall density shape 
SQ progenies 
141 1.4 0.97 28.9 3.4 47.8 37.9 48.2 67.6 1.02 0.58 4.7 6.1 
142 2.3 0.86 29.0 2.6 45.6 37.7 48.7 69.9 0.95 0.55 5.0 5.3 
143 1.6 1.04 28.9 2.0 47.8 36.8 53.0 69.1 0.94 0.57 5.3 5.3 
144 1.5 0.83 27.9 3.6 47.8 40.0 46.2 63.5 1.05 0.65 4.5 5.3 
Mean 1.7 0.92 28.7 2.9 47.3 38.1 49.0 67.5 0.99 0.59 4.9 5.5 
L.S.D. 
(.05) 0.9 0.17 2.3 1.6 3.2 4.4 4.7 7.9 0.14 0.10 1.9 1.4 
(.01) 1.2 0.22 3.0 2.1 4.2 5.8 6.2 10.4 0.19 0.13 2.5 1.8 
Table 53. Performance of the S^, F^, F^, , and FS^ progenies for agronomie characteristics in 
Experiment 2 population) 
Entry 
Spring 
vigor Yield 
Days to Seed Plant height Plant width Growth habit Plant Leaf 
flower production Summer Fall Summer Fall Summer Fall density shape 
F^ progenies 
201 2.2 0.82 33.7 3.9 43.7 23.3 47.7 56.1 0.93 0.42 1.5 6.1 
202 1.7 1.00 29.8 1.8 46.9 31.8 57.5 71.1 0.84 0.46 5.0 4.2 
203 1.4 1.00 32.9 3.1 44.8 24.6 66.0 79.1 0.69 0.31 3.7 2.6 
204 2.6 0.84 31.8 1.5 , 52.1 39.6 46.0 68.0 1.16 0.59 3.1 6.9 
205 2.5 0.74 33.9 2.9 1 40.0 26.7 50.7 80.7 0.83 0.33 7.1 4.7 
Mean 2.1 0.88 32.4 2.6 45.5 29.2 53.6 71.0 0.89 0.42 4.1 4.9 
S^ progenies 
206 7.1 0.19 38.3 9.0 34.7 23.5 25.4 32.9 1.48 0.82 5.1 3.7 
207 3.1 0.77 35.2 7.9 42.5 28.0 43.0 70.1 1.07 0.42 5.5 4.7 
208 7.3 0.17 43.1 8.7 30.2 21.6 16.5 32.1 2.09 0.72 1.8 4.7 
209 3.8 0.39 34.8 7.2 45.1 32.1 33.8 44.9 1.38 0.76 3.4 1.8 
Mean 5.3 0.38 37.9 8.2 38.1 26.3 29.7 45.0 1.50 0.68 4.0 3.7 
FSj^ progenies 
210 1.3 0.79 31.2 2.1 50.7 32.9 45.9 56.7 1.14 0.59 2.3 6.1 
211 2.3 1.03 32.6 4.7 42.8 30.3 48.2 67.4 0.90 0.46 3.4 3.4 
212 4.8 0.39 31.4 6.2 42.8 27.5 39.7 55.5 1.17 0.52 5.8 2.3 
213 1.1 1.09 28.8 7.1 47.4 29.5 49.3 66.5 0.99 0.47 3.1 5.5 
214 2.6 0.65 29.8 5.1 44.8 24.9 40.7 50.8 1.19 0.50 2.7 8.5 
215 2.3 0.68 36.3 5.8 45.9 32.3 33.5 45.8 1.39 0.71 1.3 5.0 
216 2.1 0.58 35.4 7.1 44.6 24.7 45.7 51.3 0.99 0.51 2.1 7.7 
Table 53. (Continued) 
Spring Days to Seed Plant height Plant width Growth habit Plant Leaf 
Entry vigor Yield flower production Sumner Fall Summer Fall Summer Fall density shape 
217 1.9 0.74 32.3 6.3 49.9 33.1 57.9 64.9 0.87 0.52 5.5 4.5 
218 2.1 0.72 29.3 4.7 48.9 32.4 48.1 63.7 1.04 0.52 2.3 4.7 
Mean 2.3 0.74 31.9 5.5 46.4 29.7 45.4 58.0 1.07 0.54 3.2 5.3 
F2 progenies 
219 2.2 0.51 33.7 4.2 46.8 35.1 43.0 60.5 1.12 0.60 2.9 5.0 
220 3.9 0.56 31.8 3.4 41.3 27.1 33.2 44.9 1.26 0.65 1.8 4.2 
221 2.7 0.53 34.3 8.2 47.0 41.8 43.5 64.2 1.11 0.69 9.0 4.7 
222 2.9 0.59 36.1 7.0 38.9 19.7 42.2 63.1 0.96 0.32 3.7 6.3 
223 4.0 0.69 33.3 4.3 40.7 20.5 38.6 73.5 1.14 0.29 2.4 4.5 
224 3.5 0.77 38.7 6.7 40.9 26.6 29.0 61.1 1.45 0.45 1.8 5.0 
225 4.6 0.51 37.2 6.9 41.4 25.2 31.8 43.6 1.35 0.60 1.6 4.7 
226 3.5 0.59 33.1 7.1 36.8 21.6 42.7 66.5 1.09 0.36 6.0 1.6 
227 3.5 0.47 39.2 8.7 44.3 31.1 42.1 60.9 1.09 0.52 6.6 4.2 
Mean 3.4 0.58 35.3 6.3 42.0 27.6 38.4 59.8 1.17 0.50 4.0 4.5 
S^ progeny 
228 2.9 0.60 35.0 6.9 41.0 27.9 44.5 56.9 0.96 0.53 4.2 5.5 
L.S.D. 
(.05) 1.8 0.26 3.1 2.1 5.7 5.0 9.9 10.1 0.34 0.09 2.1 1.5 
(.01) 2.4 0.34 4.1 2.8 7.6 6.7 13.2 13.4 0.45 1.13 2.8 2.0 
